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THE DISCRIMINATION OF DOT PATTERNS AS A 
FUNCTION OF NUMBER AND AVERAGE 
SEPARATION OF DOTS? 


ROBERT STANTON FRENCH 


Perceptual and Motor Skills Research Laboratory, Human Resources Research Center 


The present study investigates the 
task of discriminating differences be- 
tween dot patterns. The problem for 
S was one of indicating whether pairs 
of patterns were the “same” or “dif- 
ferent.” When a “difference” ap- 
peared, it consisted of a small, but 
constant, displacement of one of the 
dots in one of the two patterns to be 
compared. It appeared reasonable on 
a priori grounds that as the number of 
dots in a pattern is increased, the dis- 
crimination of the slight difference 
should become more difficult, since the 
proportion of the pattern not changed 
is increased. On the other hand, a 
pattern might be composed of so few 
dots that the discrimination of a differ- 
ence is primarily a discrimination of 
length, or of slope. Accordingly, it 
was hypothesized that between two- 
dot patterns and possibly seven-dot 
patterns there should be a number 
which produced optimal discrimina- 
tions of pattern difference. 


1The experimental work for this study was 
performed as part of the United States Air Force 
Human Resources Research and Development 
Program. The opinions or conclusions contained 
in this report are those of the author. They are 
not to be construed as reflecting the views or 
indorsement of the Department of the Air Force. 
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The choice of the average separa- 
tion of the dots as a variable to be 
manipulated was based on the expec- 
tation that the displacement of a dot 
would be more readily detected if the 
amount of the displacement were large 
relative to the average separation of 
the dots as a group. Accordingly, it 
was hypothesized that the greater the 
average separation of the dots in a 
pattern, the more difficult would be 
the discrimination of the small con- 
stant displacement of one of the dots. 

A search of the literature revealed 
few similar attacks on this problem of 
pattern discrimination. However, a 
considerable number of recent research 
studies have dealt with the general 
problem of the discrimination of visual 
number, e.g., Hunter and Sigler (2), 
Taves (7), Saltzman and Garner (6), 
Kaufman, Lord, Reese, and Volkmann 
(3), and Casperson and Schlosberg (1). 
Typically, the task is that of viewing 
a collection of dots or similar elements 
and indicating the number present. 
Although there are a number of super- 
ficial resemblances between the pres- 
ent study and the studies on visual 
number cited, a fundamental differ- 
ence remains. In the present study, a 
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given S is never asked to discriminate 
between patterns differing in number 
of dots, i.e., for a given S the number 
of dots represented a constant or 
parameter of the experimental situa- 
tion. The number of dots in a pattern 
was studied as an independent variable, 
but only as it might affect discrimina- 
tion within a given dot condition. 

Leyzorek (4) investigated the dis- 
crimination of the spatial displacement 
of a point of light as a function of the 
temporal interval between the presen- 
tation of the light point in two posi- 
tions. Perhaps of greatest interest to 
the present discussion was the finding 
that the single fixation point in the 
darkened room was as effective for 
good spatial discrimination as the same 
fixation point in a fully lighted room. 
Leyzorek suggested that the function 
relating spatial discrimination to vis- 
ual-field complexity may not be mono- 
tonic. The present study would seem 
to offer a test of this hypothesis to the 
extent that visual-field complexity may 
be defined in terms of the number of 
dots in a pattern. 

A group of studies by Nixon (5) 
utilized patterns of dots in a task of 
reconstruction from immediate mem- 
ory. Over a series of experiments the 
number of dots was varied from one to 
five and the time between exposure 
and reconstruction from 3 to 10 min. 
Nixon found that the time interval, 
the spatial position of the dots relative 
to a circular frame, and the number of 
dots were significant sources of vari- 
ance. When the number of dots in 
the pattern was increased from one to 
three, a progressive increase in the 
average error was noted. The four- 
and five-dot patterns produced no 
further increase in error, however. 
Nixon interpreted this result, with 
some reservations, as contrary to 
the Gestalt notion of greater struc- 
tural stability and consequently better 
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retention for the more complex pat- 
terns. 


MeETHOD 


Apparatus.—This study utilized a device des- 
ignated as the Pattern Discrimination Apparatus. 
By means of the apparatus series of patterns 
varying widely in number of dots and specific 
configuration were presented to groups of eight 
Sseach. To the Ss, seated about 15 ft. from the 
apparatus in a darkened room, the patterns ap- 
peared as pin points of light against a homogene- 
ous background. A plywood screen about 6 ft. 
long and 4 ft. high constituted the background 
and served the purpose of hiding from Ss all 
details of operation of the apparatus. The pat- 
terns of light points appeared on the screen by 
means of light projected from small individual 
light bulbs through pin holes in a metal plate toa 
large sheet of translucent white paper which 
covered the entire screen. An almost limitless 
variety of patterns could be obtained since 112 
such light sources were arranged in rows and 
columns 1 in. apart forming a matrix of circular 
outline. The apparatus consisted of two such 
circular matrices of light sources centered on the 
screen side by side, approximately 22 in. from 
center to center. Each of these matrices of 
bulbs was mounted in a circular frame about 14 
in. in diameter. Two circular holes were cut in 
the screen and the two frames were fitted into 
these holes in such a way that the metal plate 
containing the pin holes was flush against the 
back side of the white paper covering the screen. 
Each of these circular frames was an independent 
unit held in place by roller bearings and free to be 
rotated 180° either to the right or left, thus rotat- 
ing the pattern as seen by the S. In this par- 
ticular study, however, the rotation feature of the 
apparatus was not utilized. Each bulb in each 
of the circular matrices was wired individually to 
a corresponding switch in one of two banks of 
such switches. 

The apparatus was designed to be used for a 
number of studies all dealing with the general 
problem of the perception of dot patterns but 
differing in specific detail. By having two inde- 
pendent ensembles of possible points, two pat- 
terns could be presented either simultaneously or 
with any desired exposure interval between. Ad- 
ditional controls determined whether the pattern 
on the right or left side of the screen appeared 
first. If “knowledge of results” was to be inves- 
tigated, a printed “S” or “D” indicating “same” 
or “different” could be illuminated automatically 
after the presentation of a pair of patterns; at 
the same time the pair of patterns would reappear 
permitting a careful examination of the forms. 
To summarize the kinds of presentation with the 
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apparatus: any pattern of light points or pair of 
patterns desired could be set up by throwing the 
appropriate switches in the two banks. With 
another switch the apparatus could be set for 
either simultaneous or successive presentation of 
the two patterns. By rotating one of the circular 
matrices, the two patterns could be presented 
with different spatial orientation. If the presen- 
tation was to be successive, the setting of another 
switch determined whether the pattern on the 
right or left matrix appeared first. Three elec- 
tronic interval-timers could be set to control the 
duration of exposure for each pattern of a pair 
and the interval between; a fourth timer con- 
trolled the time elapsed before the patterns reap- 
peared together with the illumination of the “S” 
or “D” if this was desired ; a fifth timer controlled 
the duration of this representation. 

With the controls set appropriately for the 
presentation of a specific pattern or pair of pat- 
terns, E threw a single switch which caused some 
combination of the events described above to 
occur automatically in sequence. 

Each S had a covered box on the arm of his 
chair containing two response keys appropriately 
labeled. Both the kind of response and its lat- 
ency measured to .01 sec. could be obtained. 
Eight electric chronoscopes were wired into the 
circuit to start either at the time of presentation 
of the two patterns, if simultaneous, or at the 
time of the presentation of the second pattern of 
the pair, if successive. ‘The response made by S 
was indicated by two colored lights, one of which 
was illuminated at the time S pressed one of the 
response keys. The response and its latency 
were recorded manually. 

The room was dimly lit from lamps behind the 
screen. These lights illuminated the controls 
and effectively darkened the front of the screen 
by accentuating the contrast between the screen 
and its immediate surroundings. The perceptual 
task for the Ss viewing patterns with the appa- 
ratus utilized essentially only foveal vision, the 
visual angle subtended by an average pattern 
being about 1° 26’. 

Patterns.—For the present study, 120 dot pat- 
terns were designed for each number of dots from 
two to seven in accordance with the following 
principles: For each group of patterns the aver- 
age separation of the dots was varied systemati- 
cally within the limits of the apparatus; the dots 
were spaced more evenly than they would have 
been if randomly determined; vertical, horizon- 
tal, or regular angular arrays of dots, etc. were 
avoided. At the same time, care was taken to 
make the patterns in a group as varied as pos- 
sible. The only difference introduced between 
the two patterns to be judged “same” or “differ- 
ent” was a l-in. displacement (a visual angle of 
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Fic. 1. Examples of pairs of patterns from 
the two-, three- and seven-dot series illustrating 
the magnitude of the difference to be judged 


approximately 18’) of one of the dots. The 
spatial position of this dot was varied as much 
as possible. For each group of Ss half of the 
120 trials were “same” and half “different” in a 
nonsystematic sequence. Figure 1 presents ex- 
amples of the magnitude of the difference to be 
judged. Single examples of pairs of patterns 
from the two-, three-, and seven-dot series are 
illustrated. First Pattern A was exposed 3 sec. 
and then Pattern B appeared for 3 sec. 

Each of the 120 patterns was presented once 
in a sequence constructed using random num- 
bers. Within consecutive blocks of ten trials the 
time between the presentation of the standard 
and comparison stimulus was varied nonsyste- 
matically from 1 to 10 sec. Thus, each of ten 
time intervals was tested individually with 12 
different patterns. 

To insure that each pattern was tested both 
as an “S” and a “D” pattern, opposite forms of 
the procedure were employed. Half of the 32 Ss 
within each dot condition were tested with the 
specific designation of “S” and “D” trials re- 
versed relative to the other half of the Ss. With 
respect to number of dots and “knowledge of 
results” (hereafter called “reinforcement’’) the 
experimental design was factorial. Each of the 
six dot conditions was tested both with and with- 
out reinforcement. 

Subjects—The Ss were 384 basic airmen 
trainees at Lackland Air Force Base; 32 Ss were 
assigned nonsystematically to each of 12 major 
conditions. 
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Instructions —The instructions described care- 
fully, with examples, how the patterns would 
look when they were the “same” and when they 
were “different.” The Ss were told that each 
pattern would appear for 3 sec. and that they 
would have a 6-sec. interval after the second 
pattern had left the screen at the end of which 
they must have responded. They were told to 
respond as quickly as they could after the second 
pattern appeared on the screen, but were cau- 
tioned to be accurate as well. The “reinforce- 
ment” groups were given additional instructions 
stating that after 6 sec. the two patterns would 
reappear together with an illuminated “S” or 
“D” indicating the correct choice. It was 
stressed that if a choice was wrong the patterns 
should be checked carefully to determine why an 
error had been made. 


REsuULTS 


Error analysis.—To present the pri- 
mary data of the study, the total error 
and mean latency was determined for 
each S tested with each dot condition. 
The error data are shown in Table 1 
and Fig. 2. Both the means and SD’s 
are expressed in terms of percentage 
error. In Fig. 2 the error and latency 
data have been plotted on the same 
graph for easier comparison. For each 
measure, individually, the data for the 
reinforcement and no-reinforcement 
groups have been combined. 

It is evident from Fig. 2 that the 
number of dots in the pattern syste- 
matically affects accuracy of discrimi- 
nation. An analysis of variance of the 
error data revealed that the difference 














T T T T T T 
40 Saeed 3 
A re 
‘%* oO 
r / \ = 
° F mi oe a 
= 3s 4 ~ 1.70 = 
w f ed 

~ f. 
= so “4 a6 § 
rs) 4 2 

Z 
od 
w 7 s 
Q ese 4 Se Ld 7 
z “ene a 
—— ERROR ? 
w 
= cok w—== LATENCY J, og z 
~ 
A 2 
i i i i iL. i 
2 3 3 5 6 ? 


NUMBER OF DOTS 


Fic. 2. Mean per cent error and mean la- 
tency per trial as a function of number of dots for 
the two reinforcement groups combined (N = 64 
each point) 


between number of dots was highly 
significant (p < .001; F = 11.85; df 
= 5/372), and the difference between 
the reinforcement conditions was sig- 
nificant at the .05 level (F = 5.12; 
df = 1/372). Theinteraction between 
these variables was not significant 
(F = 1.16; df = 5/372). t-test com- 
parisons were made between groups 
representing successive increases in 
number of dots and between the three- 
and seven-dot groups. The mean 
square within cells from the analysis 
of variance was used to derive an error 
term. In brief, the differences be- 
tween the means of the two- and three- 
dot groups and between the three- and 
the seven-dot groups were all found to 


TABLE 1 


MEan Per Cent Error anv SD’s ror Eacu Numser or Dots WITHIN THE REINFORCEMENT (R) 
AND No-RertnrorceMEnT (No-R) Conpitions 
(N in each group = 32) 




















Number of Dots 
Rein- 
forcement 2 3 4 5 6 7 
Condition 
Mean %| SD | Mean %| SD | Mean%| SD |Mean%| SD | Mean%| SD | Mean%| SD 
R 29.43 | 6.34) 25.55 |5.50| 26.82 |4.68] 30.81 |4.65| 30.62 |5.57| 33.02 | 5.93 
No-R 31.54 |5.11}] 27.55 | 5.69] 28.91 |4.79] 30.96 |4.13| 32.89 | 5.68] 31.80 | 4.54 
Total 30.48 26.55 27.86 30.88 31.76 32.41 
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TABLE 2 


Latency Means anv SD’s (1n Seconps) ror Eacu NumBer or Dots wITHIN THE 
REINFORCEMENT (R) anv No-ReinrorcemMent (No-R) Conpitions 
(N in each group = 32) 








Number of Dots 





Rein- 
forcement 2 3 4 5 6 7 
Condition 





Mean SD Mean SD .| Mean SD Mean SD Mean SD Mean SD 


R 1.46 | 0.24 | 1.49 | 0.30 | 1.61 | 0.26 | 1.72 | 0.30 | 1.77 | 0.24 | 1.61 | 0.23 
No-R | 1.49 | 0.35 | 1.42 | 0.29 | 1.53 | 0.26 | 1.57 | 0.32 | 1.78 | 0.28 | 1.75 | 0.27 











Total | 1.477 1.456 1.570 




















1.643 1.779 1.681 























be significant at the .01 level. (two- 
tailed test; df = 372). It may be 
stated with considerable confidence, 
therefore, that the greater accuracy of 
discrimination with three-dot patterns 
is not a chance occurrence. 

Latency analysis.—Similar analyses 
were performed for the latency data. 
Table 2 presents the mean latency per 
trial for each group of Ss together with 
the SD’s of the corresponding distri- 
butions. The latency data with the 
reinforcement and no-reinforcement 
groups combined are plotted in Fig. 2 
together with the error data. An anal- 
ysis of variance for the latency data 
revealed that number of dots was again 
a significant effect at the .001 level 
(F = 12.12; df = 5/372). Neither 
the difference between the reinforce- 
ment conditions (F = .05; df = 1/ 
372) nor the interaction of reinforce- 
ment and number of dots was signifi- 
cant (F = 2.07; df = 5/372). Forthe 
reinforcement groups as determined 
by the ¢ test, deriving an error esti- 
mate from the analysis of variance, the 
difference between the means of the 
six- and seven-dot groups was signifi- 
cant at the .01 level (two-tailed test; 
df = 372). Since both the reinforce- 
ment and no-reinforcement groups 
show a sharp drop in latency at this 
point, there is reason to believe that 
the effect is a true one. 


Learning data.—Figure 3 is a learn- 
ing function for all of the dot condi- 
tions and the reinforcement conditions 
combined. Mean percentage of error 
has been plotted for 12 successive 
blocks of ten trials each. Both the 
errors on “S” and “D” trials and the 
totalerrorsareshown. It may beseen 
that some learning occurs as the ex- 
periment progresses. On the face of 
it, however, the ““D” accuracy appears 
to get worse after the seventh block of 
trials, while “S” accuracy continues to 
improve. Note also that the “S” and 
“D” functions after the seventh block 
are quite obviously inversely related, 
while the total error function remains 
relatively flat. A possible explanation 
for the rather puzzling effects illustra- 
ted in Fig. 3 will be discussed later. 

Dot separation.—It was believed 
likely that the average separation of 
the dots within each pattern was an 
important source of variability in per- 
formance from pattern to pattern. 
The procedure of analyzing the effect 
of this variable involved measuring 
the distance from the displaced dot to 
each other dot in the pattern. This 
was done for each of the dot patterns 
used. Then the logarithms of these 
distances were found and the mean 
logarithm value for each pattern was 
determined. Essentially linear scatter 
plots were obtained when these mean 
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Fic. 3. A learning function for all of the dot conditions and reinforcement conditions com- 
bined. Mean per cent error for the “S” and “D” errors separately and for total error is plotted for 


12 consecutive blocks of ten trials each. 


logarithm values were plotted against 
the errors made on the corresponding 


TABLE 3 


CoEFFICIENTS OF CORRELATION BETWEEN MEAN 
Loc Inter-Dor Distance ror Eacu 
PaTTerRN AND “S” anp “D” 

Errors SEPARATELY 


(N for each correlation = 120) 








Number of Dots 


Type 
of Error 





2 3 4 5 6 7 


“DT” | .567 | .766 | .663 | .732 | .546 | .789 
~ 322 | .291 | .223 | .324 | .179 | .183 


























* For significance at the .05, .01, and .001 levels r 


must be .18, .23, and .30, respectively. 


patterns (thus justifying the use of a 
logarithmic conversion). “S” and 
“D” errors were plotted separately, 
with the reinforcement groups com- 
bined. These coefficients for each of 
the dot conditions are shown in Table 
3. It will be observed that all of the 
“D” coefficients are significantly dif- 
ferent from zero at the .001 level of 
confidence, ranging from .55 to .79. 
With the “S” coefficients ranging from 
.18 to .32, only two achieve this .001 
level. In other words, Table 3 indi- 
cates that when the patterns were 
“different,” the average separation of 
the dots influenced accuracy to a 
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highly significant extent and to a con- 
siderable, but lesser, extent when the 
patterns were “same.” Note that in- 
creasing the number of dots in a pat- 
tern necessarily decreases their sepa- 
ration on the average, if the patterns 
are within a circumscribed area as in 
the present study. We computed the 
mean separation for each group of pat- 
terns and found that as the number 
of dots increased, their average sepa- 
ration did, in fact, decrease. How- 
ever, since accuracy of discrimination 
becomes progressively poorer beyond 
three dots in spite of this decreased 
separation, some factor other than 
average separation must come into the 
picture. 
Discussion 


A restatement of the main findings 
may be helpful at this point: (a) three- 
dot patterns were found to yield the 
most accurate discrimination of a small 
difference; (b) the time required to 
respond increased steadily up to six 
dots and then dropped sharply; (c) in 
general, giving S “knowledge of 
results” after each judgment produced 
a small but consistent increase in 
accuracy; (d) both the “S” and “D” 
errors were found to correlate posi- 
tively with a measure of the average 
separation of the dots in each pattern. 
Considerably higher correlations were 
found for the ““D” errors, however.” 


The results indicate that an individual is 
better able to detect a slight difference in the 
relative positions of three dots than of either two 
dots or any greater number up to seven. It does 
not necessarily follow, however, that three-dot 
patterns are most easily differentiated. In the 
present task S compares each pattern with 
another almost identical to it. The task of dif- 
ferentiation, on the other hand, would require 
learning a different response for each of a num- 


2 It should be remembered that an “S” error is 
actually a “D” response on an “S” trial and vice 
versa. The kind of error was defined by the 
physical identity or dissimilarity of the patterns 
compared on that trial. 


ber of patterns. These two procedures might 
yield quite different functions. 

It is fairly evident that a number of variables 
are involved in the relation of accuracy to num- 
ber of dots. Tentatively, one of these variables 
might be identified as the number of relations 
which are modified by the displacement of one 
dot. With only two dots in a pattern an indi- 
vidual may do little more than detect a difference 
separating the two dots, or a difference in both 
the distance and the slope of an imagined line 
connecting the two dots. With three dots there 
are three such distance relations which may serve 
as cues, as many slopes, and innumerable pos- 
sible “articulations” of the visual field in terms of 
angles, bisections, vertical and horizontal extra- 
polations, etc. Clearly, as the number of dots 
increases, the number of relations modified by a 
displacement increases as well. On the other 
hand, the probability of utilizing these relations 
to discriminate a difference appears to decrease 
beyond three dots. As a possible explanation, 
note that although the absolute number of modi- 
fied relations increases, the relative proportion 
actually decreases. Consider, for example, the 
number of distance relations among three dots. 
When one dot is displaced a slight amount, two 
out of the three distances are changed. With 
four dots there are six possible relations of pairs 
of dots. With one of these displaced, three out 
of six, or one-half, of the relations are modified.* 
Since the equation expressing this proportion 
describes a negatively accelerated function, its 
form would be correct to account for the shape 
of the error function from three dots to seven. 
The drop in errors from two to three dots, how- 
ever, cannot be accounted for on this basis. 
Possibly a qualitative change in the kind of rela- 
tions available occurs between two and three 
dots. 

The increase in the time required to respond 
(Fig. 2) as the number of dots increases from two 


*A general equation expressing this propor- 
tion may be written as follows: 
Rm n—1 
Re aT) 
2 


where R =the number of distance relations 
among dots, m = modified relations, ¢ = total 
relations, and m = number of dots. This equa- 
tion may be simplified to: 

Re 2 

R; n 
Thus, twice the reciprocal of n yields the propor- 
tion of distance relations modified by the dis- 
placement of one out of any given number of 
dots. 
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to six is an expected result. On the other hand, 
the sharp drop in latency from six to seven dots 
requires comment. A number of recent studies 
have investigated the discrimination of visual 
number (1, 2,6,7). Kaufman, Lord, Reese, and 
Volkmann (3) have rather consistently found 
that Ss respond differently to numbers of dots up 
to six as compared with six or more. They find 
this phenomenon with accuracy, report time, and 
a measure of confidence. Although the present 
task is different, it is rather interesting to find 
that they report an increase in the time required 
to report as the number of objects increases from 
one to six, but little further increase beyond six 
dots. One might account for an actual drop in 
latency, as in the present study, in terms of an 
abrupt change in the characteristics of the task. 
One might expect that S could retain, over a 
short interval, a rather complete and accurate 
impression of patterns up to six dots, but perhaps 
not beyond. For patterns of not more than six 
dots, S might be expected to make a rather 
methodical ‘“‘check” of corresponding points of 
the present stimulus and his retained “impres- 
sion,” and then abandon this method for pat- 
terns of greater number. 

The finding that the average distance sepa- 
rating the dots is an important factor for discrim- 
ination accuracy has a number of implications. 
By squaring the correlation coefficients presented 
in Table 3, it may be seen that for the two-dot 
condition average separation of the dots in the 
pattern accounted for approximately 32% of the 
total variance in “D” errors and that for the 
seven-dot condition this factor accounted for 
about 61% of the total variance. The surprising 
aspect of this result is that the variance predict- 
able from average separation is not considerably 
reduced in the more complex patterns. One 
might expect various “grouping” responses, asso- 
ciations with familiar objects, etc. to become 
increasingly important as the number of dots 
increased. This would not appear to be the 
case, at least in a situation where the difference 
to be detected is only one part of the pattern 
(i.e., one dot). Note that the difference to be 
detected was a constant amount regardless of 
the average separation of the dots in the pattern. 
Accordingly, the results of the present study are 
only indirectly applicable to situations in which 
the scale of the total pattern, including areas of 
deviation, is modified. 

With reference to Fig. 3, which presented a 
learning function for the “S” and “D” error 
curves separately, it has been pointed out that 
on the face of it, “D” accuracy appears to grow 
worse after the seventh block of trials, while “‘S”’ 
accuracy continues toimprove. Seeking a parsi- 


monious explanation for this effect, certain math- 
It may 


ematical relationships become evident. 
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be shown by relatively simple algebra that the 
difference between the number of “S” and “D” 
errors in the present two-choice situation bears a 
linear relationship to the relative proportion of 
“S” and “D” responses Accordingly, if one 
knows the proportion of the total number of 
responses which are “S” and the proportion 
which are “D,” a little simple arithmetic will 
yield the error difference which must necessarily 
be present. With this relationship taken into 
consideration, the separation of the “S” and ““D” 
error functions in Fig. 3 takes on new meaning. 
It is evident that for approximately the first half 
of the testing period the proportion of each kind 
of response made by the Ss reflects fairly accur- 
ately the proportion of trials of each kind in the 
test series. From the seventh block on, however, 
there is no further reduction in total error, only 
an increase in the number of “S” responses made. 
An explanation for this effect suggests itself: 
perhaps some aspect of the training procedure 
alters the individual’s difference threshold such 
that an increasingly large difference is needed to 
evoke the response “D.” In such a two-choice 
situation this would have the effect of increasing 
the number of “S” responses. Possibly this 
change in threshold results from accumulating 
work inhibition or “fatigue.” It is less likely 
that learning is involved, since the effect of 
repeated examples of the difference to be detected 
should make S more familiar with the amount 
and nature of this difference. Any condition 
producing a relative “stimulus impoverishment,” 
such as a very short exposure time, a long reten- 
tion interval, certain kinds of distraction, etc., 
might be expected to produce a comparable in- 
crease in “S” responses. 

Regardless of the true explanation for such 
a change in the proportion of “S” and “D” 
responses, the present data suggest that caution 
should be exercised when one attempts to inter- 
pret performance curves in a two-choice situa- 
tion. One need not necessarily conclude from 
these data, for example, that the judgment of 
identity and difference are “qualitatively” differ- 
ent tasks. It is suggested that any condition 
producing a relative “stimulus impoverishment” 
will lead to an increase in “S” responses, and 
thus, in the two-choice situation, a necessary 
separation of the two kinds of error curves. 


SUMMARY AND CONCLUSIONS 


1. The discrimination of differences 
between dot patterns was studied as a 


4 “S” responses — “D” responses 
= 
2 





“D” errors — “S” errors. 
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function of the number of dots and 
their average separation. 

2. The Pattern Discrimination Ap- 
paratus was used to present a series of 
120 different patterns for each number 
of dots from two to seven. Each pat- 
tern appeared twice, the pair of pat- 
terns being either identical or differing 
by the slight displacement of one of 
the dots. The Ss responded “Same” 
or “Different.” The Ss were 384 basic 
airmen trainees at Lackland Air Force 
Base. 

3. The results indicate that: (a) Ss 
are better able to detect a slight differ- 
ence in the relative positions of three 
dots than of either two dots or any 
greater number up through seven; (bd) 
the average separation of the dots is a 
highly significant source of variance; 
the more widely spaced the dots in the 
pattern, the less accurate is the dis- 
crimination of a constant displace- 
ment; (c) when knowledge of results is 
given immediately after each judg- 
ment, Ss in general achieve a higher 
level of accuracy. 

4. It is suggested, as a possible 
explanation for the decrease in accu- 
racy beyond three dots, that an indi- 
vidual responds to the proportion of 
relations modified by the displacement 


of a dot rather than the absolute num- 
ber of such relations. Certain simple 
relationships between responses and 
errors in a two-choice situation are 
discussed in connection with the con- 
cept of “stimulus impoverishment.” 
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PREVIOUS TRAINING AS A DETERMINANT OF RESPONSE 
DEPENDENCY AT THE THRESHOLD ! 


WILLIAM S. VERPLANCK,? JOHN W. COTTON,’ AND GEORGE H. COLLIER ‘ 


Indiana University 


In a recent paper (4) the authors 
presented the results of an investiga- 
tion of the statistical properties of 
responses to repeated visual stimula- 
tions. On each of four days, 16 
human Ss were stimulated 300 suc- 
cessive times by a patch of light of 
fixed duration, dimensions, position, 
and brightness. The data were ana- 
lyzed for the statistical independence 
of successive responses by means of a 
serial-correlation technique, and se- 
quential dependencies were found. 
Hence, assumptions that successive 
responses are randomly arranged and 
statistically independent (often im- 
plicit in psychophysical measurements 
and in theories of the visual threshold) 
cannot be made for any specific situa- 
tion in the absence of a strict empirical 
test. The probabilities of a “yes” 
following a “‘yes” and of a “no” follow- 
ing a “‘no” are greater than would be 
expected from the values estimated 
from the over-all relative frequencies 
of “‘yeses” or “noes” in the whole 
series of trials. 

In the above experiment Ss were 
given five days of preliminary training 
on a method-of-limits procedure that 
presents stimuli in intensity-ordered 
series. A brief method-of-limits ses- 


1 The experiment reported in this paper was 
performed in the Department of Psychology, 
Indiana University, under ONR Contract 
N6onr-180, T. O. IV, Project 143-253, and 
with support from a grant by the Graduate 
School of Arts and Sciences. Work is 
continuing at Harvard University under ONR 
Contract N5ori-07639. 

2 Now at Harvard University. 

2 Now at Northwestern University. 

* Now at Duke University. 


sion also preceded and followed the 
single-brightness series on the four 
experimental days. This procedure 
necessarily leads Ss to give long groups 
or sequences of “‘yeses” to stimuli of 
the higher intensities followed by simi- 
lar groups or sequences of “no” 
responses to those of lower intensity. 
Some might infer that such repetitions 
of “yes” and “‘no” in series produce a 
tendency to give similar sequences of 
“‘veses” and “‘noes” when all stimuli 
are of the same brightness. 

To test this possibility, we have em- 
ployed two methods of threshold 
determination in the preliminary train- 
ing and in the short sessions which 
precede and follow single-brightness 
stimulations. The first method is the 
same as that used previously; it neces- 
sarily produces sequences of “‘yeses” 
and “noes.” The second method em- 
ploys a series of stimuli randomly 
varied in brightness so that few, if any, 
long sequences of the same responses 
may be expected to occur. Evidence 
of nonindependence is then sought in 
the responses to 300 single-brightness 
stimulations of two groups of Ss, of 
which one has been trained according 
to the first procedure, and the other 
according to the second. 

It may be argued that a “‘set”’ for, or 
“expectancy” of, stimuli of graded 
intensity will be set up in members of 
the first group and hence that they 
will ‘tend to repeat responses and so 
exhibit serial dependencies. No such 


expectancy should be set up by the 
training procedure in members of the 
second group, and hence they should 
not exhibit serial dependencies. 
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APPARATUS AND PROCEDURE 


Apparatus.—The apparatus used in this expe- 
riment was the Model III Hecht-Schlaer Adap- 
tometer (2), modified as described in a preceding 
paper (4). 

Subjects—Six paid Indiana University male 
students, two graduates and four undergrad- 
uates, served as Ss: All met or exceeded Service 
visual standards as tested by the Orthorater. 
All were previously inexperienced in visual exper- 
imentation and were assigned at random to one 
or the other of the two experimental groups. 

Dark adaptation and instructions —The Ss 
were run fully dark-adapted. The dark-adapta- 
tion procedure and the instructions in this experi- 
ment were the same as those already described 
(4). 

Procedure-—The experimental procedure may 
be outlined as follows: A one-day session of 
threshold determination served as a training 
period and preceded four days in which Ss of 
each group were given repeated single-brightness 
stimulations in order to test for randomness of 
response. The treatments of two groups of 
three Ss each differed in the methods of stimula- 
tion followed during the training session and in 
the procedures that preceded and followed the 
single-brightness series on the other four days. 

In the preliminary session (Day A) members 
of Group I received 20 series of intensity-ordered 
stimulations as described elsewhere (5). These 
gave each S approximately 225-250 stimulations. 
The members of Group II received 240 ran- 
domized stimulations with brightnesses ranging 
from 1.9 to 3.0 log wuL in .1 log-unit steps. The 
value of the 50% threshold obtained for each S$ 


on this first day was used as the single brightness 
employed in subsequent sessions. These values 
are presented in Table 1. 

On Days 1 and 2 the members of Group I 
received three pairs of descending and ascending 
series of intensity-ordered stimulations, followed 
by 300 stimulations at the 50% threshold. The 
experimental day ended with six more series of 
intensity-ordered stimulation. On Days 1 and 2, 
members of Group II received 60 stimulations 
with randomized brightnesses before 300 single- 
brightness stimulations at their 50% thresholds. 
Another 60 randomized stimulations followed the 
single-brightness series. A comparison of the 
incidence of sequences on Days 1 and 2 for the 
two groups should indicate the relative effects of 
the two training procedures. 

The procedures followed on Days 3 and 4 
were exactly like those on Days 1 and 2, except 
that the treatments of the two groups were inter- 
changed. Group I received the random series 
of brightnesses before and after the single- 
brightness tests, and Group II received the six 
intensity-ordered series before and after single- 
brightness tests. 


RESULTs 


Table 1 presents the relative fre- 
quencies of “yes” for each series of 
single-brightness stimulations. The 
mean relative frequency (Pp) of “yes” 
is .49, and the SD of these is .19. 
These values are not significantly dif- 
ferent from those reported earlier in a 
larger group of Ss (mean relative 


TABLE 1 


50% Turesuoips, Retative Frequencies or “Yes” (Pp), anv CRp’s 
By Supyects AND Days 
(300 presentations in each cell) 






































Initial 50% Day 1 Day 2 Day 3 Day 4 
Threshold 

Group Ss (log mul.) Pr CRr Pr CRer Pr CRer Pr CRer 

(limits) (limits) (limits) (random) (random) 
1 2.48 12 2.44 26 8.39 41 | 9.03 39 5.28 
I 2 2.64 79 52 oF 7.36 57 | 4.45 75 2.60 
3 2.20 .24 2.04 29 2.06 55 | 3.36 47 1.15 

(random) (random) (random) (limits) (limits) 
4 2.60 53 3.70 41 2.58 28 | 2.38 35 3.68 
II 5 2.42 82 56 74 18 84} 2.76 52 5.58 
6 2.50 42 6.03 51 5.45 41} 4.01 41 3.54 
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frequency = .55; SD = .25) and, as 
before, are not significantly different 
from the .50 predicted from the first 
day’s results. 

The analysis of results to determine 
whether or not the responses within 
the blocks of single-brightness stimu- 
lations are statistically independent of 
one another was performed by the test 
for serial correlations described by 
Hoel (3). The use of this method has 
been discussed elsewhere (4). Table 1 
presents the critical ratios (CRpr) of 
the serial correlation coefficient for 
each series of single-brightness stimu- 
lations. Of the six CRp’s of the Ss 
of Group I on Days 1 and 2, three 
exceeded the 5% level of significance 
and two exceeded the 1% level. Of 
the six comparable tests for Group II, 
four exceeded the 1% level and two 
failed to reach the 5% level. Both 
groups demonstrated nonrandom ar- 
rangements during Days 1 and 2, 
although Group II had received train- 
ing calculated to minimize the possi- 
bility of development of a response 
set towards repetition of responses 
from trial to trial. On Days 3 and 4 
when the antecedent stimulation pro- 
cedures are reversed, five of the six 
serial-correlation values of Group I are 
significant at the 1% level, and Group 
II also shows five coefficients exceed- 
ing the 1% level, with the other ex- 
ceeding the 5% level. The groups do 
not differ, but there is the suggestion 
of a trend towards increased serial cor- 
relations with successive days. 

The possibility of changes within a 
group attendant upon the change of 
procedure beginning on Day 3 must 
be considered. The number of sig- 
nificant correlations found in each of 
the two-day periods remained con- 
stant for members of Group I. Group 
II shows an increase from four signifi- 
cant values on Days 1 and 2 to six on 
Days 3and4. These findings suggest 
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that a change from intensity-ordered 
to random training procedures in 
Group I did not produce independence 
of successive responses while a change 
from random to _ intensity-ordered 
training procedures may have in- 
creased the degree of dependence of 
successive responses. Thus the hy- 
potheses with which we are concerned 
may seem partially verified; although 
an appropriate history of responses is 
not at all necessary for the appearance 
of the sequential effect, it may increase 
it in magnitude. A further analysis 
was performed. 

The experimental design employed 
is such that a crossover analysis of 
variance (1) may be made on the data. 
This analysis closely resembles the 
latin square, and is suitable to the 
present data since our number of 
treatments is two. A test of training 
effects was therefore performed using 
a modified crossover-design analysis 
of variance. The data were first 
grouped into blocks of two days 
each. Following the crossover-design 
method, the data were then broken 
down into sums of squares for sub- 
jects, blocks of days, treatments, and 
error. A further breakdown of the sum 
of squares for Ss into a sum of squares 
for groups (differing in the order of 
treatments) and a sum of squares for 
Ss within groups was made. Thus 
the possibilities that training and the 
history of training affected the data 
could both be tested. Analysis-of- 
variance tables based on these sums 
of squares are presented in Table 2 for 
both the relative frequencies and the 
CR’s. Only the differences between 
Ss’ frequencies of response proved sig- 
nificant. Groups, treatments, and 
blocks of days apparently have no 
effect upon either the relative fre- 
quency or the CR’s. One qualifica- 
tion must be stated. In our experi- 


mental design, the training procedure 
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TABLE 2 
ANALYSES OF VARIANCE OF RELATIVE FrEQuENcY or “Yes” Responses (Fppg) AND oF Crp’s 
Mean Square for Mean Square for 
Frequency of Response Critical Ratios 
Source df p - 
VPp FP, Vorp FCRp 
Groups 1,4 4,256 <1.00 >.05 6.1490 <1.00 >.05 
Subjects within groups 4,4 26,942 10.11 <.05 | 24.2327 2.31 >.05 
Blocks of days 1,4 243 <1.00 >.05 3.9331 <1.00 >.0S 
Treatments 1,4 15,265 5.73 >.05 0469 <1.00 >.05 
Error —- 2,666 _— 10.4828 — 











during the preliminary sessions and 
the temporal order of treatments are 
combined into one estimate of vari- 
ance, that for groups. If both vari- 
ables were effective, but operated in 
opposite directions, the same results 
might be obtained. We must con- 
clude that either the confounded 
variables have no effect or that their 
effects are equal and opposite. The 
latter is unlikely. 

A possibility that must be consid- 
ered is that nonindependence of re- 
sponses may arise as a result of slow 
temporal trends in the relative fre- 
quency of response (Pp). If, for 
example, S gives almost all “‘yeses” 
during the first portion of the session 
and almost all “noes” during the sec- 
ond portion, a significant CRe will 
result. This follows from the facts 
that the serial correlation test is sensi- 
tive to trend, as well as to statis- 
tical nonindependence of successive 
responses, and that it does not dis- 
tinguish between the two effects. 

This possibility was tested by the use 
of Pearsonian correlation. The num- 
ber of “yeses” to each successive set 
of ten stimulations was correlated with 
the ordinal position of the set in the 
series of 300. Three Ss yielded low 
(about .30) negative correlations that 
met the 5% level of significance, 
between Pe and ordinal position; a 
small decrease in Pz occurred through- 


out the experimental period. The 
other three Ss showed near-zero cor- 
relations that were not significant. 
However, highly significant sequential 
effects occurred not only in the data 
of Ss showing this decrement, but also 
in those of the Ss who did not.’ A 
trend in time may be operating, but it 
is not adequate to account for the non- 
randomness observed. 


Discussion 


The results of this experiment lend 
little credence to the hypothesis that 
the lack of randomness found in 
responses to invariant visual stimuli 
in our previous experiment (4) can be 
attributed to the training procedures 
used in that experiment. In the pres- 
ent study, nonrandomness character- 
ized by long series of similar responses 
(“‘yeses” or “noes’”) was obtained 
following training either by randomly 
ordered or intensity-ordered stimuli. 

A second factor, that of trends 
within sessions, may be present in our 
experimental data. Again, the ab- 
sence of sizable correlations between 
the number of “‘yeses” per group and 
the ordinal position of the group, shows 
that such trends cannot account for 


5 In other, as yet unpublished, data we have 
evaluated CR» on blocks of 50 trials—a set short 
enough so that no trend can be observed; CRp’s 
are still significant statistically, although less so 
than in the present data, as they must be owing 
to the decreased sample size. 
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the nonrandomness found. This non- 
randomness is evidence for noninde- 
pendence of successive responses. 


SUMMARY 


This experiment consisted of five 
experimental sessions, one devoted to 
an original threshold determination 
for each of six Ss and the other four 
devoted to 300 successive single- 
brightness stimulation periods per 
session. The six Ss were divided into 
two groups of three Ss each. Group I 
was given intensity-ordered stimula- 
tions in all threshold determinations 
on the first three days of the experi- 
ment; Group II was given randomized 
stimulus brightnesses at the compar- 
able times. On the last two days of 
the experiment the procedures for 
Groups I and II were reversed. 

Despite the differences in training 
procedures for the two groups, both 
groups exhibited nonindependence of 
responses in the single-brightness 
series. 
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Some evidence was found for a 
linear trend toward decreased fre- 
quency of seeing late in each experi- 
mental session. Although this factor 
alone might produce nonrandomness of 
response, there is strong evidence that 
other mechanisms are operative. 
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THE PSYCHOPHYSIOLOGICAL SIGNIFICANCE OF THE 
GALVANIC SKIN RESPONSE! 
A. C. MUNDY-CASTLE AND B. L. McKIEVER 


National Institute for Personnel Research, South African Council for 
Scientific and Industrial Research 


Since its discovery the galvanic skin 
response (GSR) has interested psy- 
chologists, but little clarity exists as 
to its significance. The historical 
background is covered by Prideaux 
(32), Farmer and Chambers (10), 
Woodworth (40), and McCleary (28). 

The phenomenon is manifested in 
two different ways: (a) changes in 
skin resistance (Féré); and (0) differ- 
ences in skin potential (Tarchanoff). 
There is a third category of similar 
origin, namely vasomotor changes, as 
measured by a plethysmograph. 

These three are considered to be 
simultaneous and synchronous (17, 
18, 25, 36). Jeffress (25) and Gilde- 
meister (17) showed that similar lat- 
ency periods and time relations exist 
in the Féré and Tarchanoff effects; 
Goadby and Goadby (19) were able to 
show that, although resistance and 
potential responses are different end- 
phenomena in the skin, they are acti- 
vated and mediated by the same 
neural mechanisms since both are 
abolished by sympathectomy (4, 19). 
The resistance response, however, can 
be destroyed by total exsanguination 
of the limb, leaving the potential re- 
sponse unimpaired. They concluded 
that “the potential variations are ex- 
pressions of activity at sympathetic 
nerve endings in blood vessels, sweat 
glands, etc. and changes in skin resist- 
ance and finger volume are due to 
vasoconstriction for which the sym- 
pathetic is the motor nervous path- 
way” (19, p. 182). 


1 The authors wish to thank Dr. S. Biesheuvel 
for advice and criticism. 


The GSR can be elicited by complex 
ideational stimuli, implying the in- 
volvement of high-level cortical struc- 
tures, which are generally agreed to be 
in the premotor cortex (12, 13). 
Stimulation within this area causes 
complex manipulative movements in 
the distal portions of the extremities 
together with vasomotor and secretory 
changes (7). 

With regard to subcortical mech- 
anisms, most of the evidence points to 
a GSR center within the hypothal- 
amus (see 28). 

The psychological significance of 
the GSR is controversial. Thouless 
(35) has suggested that resistance 
level reflects the preparedness of the 
organism to react; a British school 
headed by Aveling (1) holds that it is 
indicative of “conation.”” Woodworth 
(40) concludes that GSR is part of the 
emergency action of the sympathetic. 
According to Goadby and Goadby 
(19) the GSR is probably primitive in 
origin and is associated with prepara- 
tion for activity and self-protection. 
The usefulness of the GSR as a prepa- 
ratory and facilitative response for 
primitive man is stressed by Darrow 
(6). 

Most often the GSR is considered 
as an indication of autonomic im- 
balance, albeit an inadequate one. 
Landis and Hunt (27) concluded that 
it was probably an indicator of change 
of direction of mental activity, but not 
a direct measure. That emotion is a 
concomitant of the GSR but is not 
wholly responsible for it is the conclu- 
sion at which Prideaux (32) finally 
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arrived. The latency period of the 
response is considered by Golla (20, 
21) as evidence in favor of the James- 
Lange theory of emotion. A positive 
correlation between rates of change in 
finger volume and emotional lability 
was found by van der Merwe and 
Theron (34, 37); this supports the 
claim that GSR is associated with 
emotion. 

Biesheuvel (2), in his study on GSR, 
suggested that it is the somatic con- 
comitant of Pavlov’s Investigatory 
Reflex, which is also subject to habitu- 
ation. The present experiment was 
undertaken at Dr. Biesheuvel’s sug- 
gestion on the hypothesis that indi- 
vidual differences in GSR adaptation 
rate may be related to a tempera- 
mental factor underlying differences in 
excitatory/inhibitory balance. 


MeETHOD 


Measurement of skin resistance level (Féré 
effect) was by a Tinsley d.c. amplifier and ink pen 
recorder (14). The S lay on a soft couch in a 
moderately lit, partially soundproofed room; 
electrodes were attached to the palmar sides of 
the thumb and third finger of the left hand. 
Electrodes were of soft lead, shaped so that they 
could be moulded to the digits concerned, further 
security being ensured by elastic bands. 

The skin beneath the electrodes was first 
cleaned with alcohol, then impregnated with elec- 
trode jelly. The S rested his left arm on his 
body and closed his eyes, these remaining shut 
during the whole experiment. 

Auditory stimulation at 30-sec. intervals be- 
gan after2to3 min. Stimuli were produced by 
a notched disc rotating at a constant speed, 
thereby connecting a pair of earphones, via an 
isolating transformer to a 230 v. a.c. supply 
every 30 sec. Since the noise was harsh and 
loud, the earphones were placed on the head 
directed away from the ears in the reverse of the 
usual position. Each stimulus lasted for 1 sec. 
and presentation was continued until 3 successive 
stimuli had failed to elicit a GSR, or until 35 
stimuli had been given and no adaptation had 
occurred. This number of stimuli was chosen 
for practical reasons, since it was difficult to 
retain Ss over an indefinite period. Both the 
controlled stimuli and any other stimuli likely to 
evoke GSR were marked on the record by E£. 
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The S was warned beforehand that the noise 
would be loud and that the experiment might 
continue for as long as 30 min., although not 
necessarily so. A certain amount of continuous 
background hum arose from the motor driving 
the notched disc. 

Possible variations due to polarization be- 
tween the electrodes were checked by connecting 
them across a 10% saline solution and recording 
voltage changes over a period of 2hr. Noobserv- 
able changes were recorded by the instrument. 

The instrument used for recording skin resist- 
ance possessed a limitation in that recorder 
deflections corresponding to equivalent resistance 
changes decreased with increasing resistance. 
Consequently, variations of less than 500 ohms 
could not be accurately measured when the 
resistance level was 50,000 ohms or greater. 
This affected our results only slightly, since only 
five Ss showed such high resistance levels. 

All Ss were given an electroencephalographic 
(EEG) recording by a six-channel Ediswan elec- 
troencephalograph, methods of recording and 
analysis being detailed in an earlier paper (29). 
For the purposes of this study, special note was 
made of frequency, amplitude, and per cent time 
of alpha rhythm (8 — 13 c/sec., parieto-occipital 
origin), and the incidence and amount of theta 
rhythm (4 — 7 c/sec.). 

The experimental group comprised 109 Ss: 40 
male and 33 female university students, 4 male 
and 26 female N.I.P.R. staff, 4 males and 2 
females from the general population. 

GSR records were assessed for the following: 
(a) the number of auditory stimuli before adap- 
tation (if this occurred); (b) prestimulation 
resistance level; (c) the average resistance level, 
derived from four readings taken at equidistant 
quarters of the record during stimulation; (d@) 
the extent of GSR to the first auditory stimulus 
(measured in ohms). 

A separate pilot study of 36 normal Ss had 
revealed two distinct types of response, one 
occurring to external stimulation and the other 
occurring without stimulation; the latter were 
called endogenous responses, although some of 
them may have been due to unknown, extraneous 
stimuli. Similar spontaneous responses have 
been mentioned by other workers (9, 27, 40). 
This differentiation enables the classification of 
records as follows: 

1. Stable (S Group): records showing no endo- 
genous responses. Such records tended to main- 
tain a constant trend in resistance level, i.e., a 
continued rise; an initial decrease followed by a 
gradual rise; or showing little variation. Re- 
sponses were usually well defined and decreasing 
in amplitude as adaptation progressed (see Fig. 
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Fic. 1. Stable records 


a. Male, 23 years. 
response amplitude. 

b. Female, 22 years. 
resistance = 15,475 Q. 


2. Labile (L Group): records characterized by 
numerous endogenous responses, in addition to 
responses to stimuli. General resistance level 
often showed considerable variation while there 
was no consistent diminution in response ampli- 
tude as stimulation proceeded (see Fig. 2). 

3. Stable/Labile (S/L Group). A third cate- 
gory is necessary in view of the occurrence of 
occasional dubious records showing isolated en- 
dogenous (not due to external stimuli) responses, 
or marked swings in resistance level (see Fig. 3). 

This method of classification was adopted for 
the main experiment. 


RESULTS 
GSR adaptation rate —Of the 109 Ss, 


8 were excluded from studies of adap- 
tation rate for the following reasons: 5 
Ss showed average resistance levels 
above 50,000 ohms, making it impos- 


sible to assess type of GSR or adapta- 


Adapted after 7 stimuli. 
Average resistance = 32,700 Q. 
Adapted after 16 stimuli. 


Large first response and progressive decrease in 


Similar to (a) but adaptation slower. Average 


tion, owing to the limitations of the 
machinealready mentioned ; 1 Sshowed 
no response at all to any stimulus; 
1 S requested cessation of the experi- 
ment because of her feelings of acute 
distress; 1 S had to leave before the 
end of the experiment. 

Composition of GSR groups and 
adaptation data are shown in Table 1. 

From these figures it may be seen 
that all but two S records are accom- 
panied by adaptation, whereas only 
six L records showed adaptation. It 
was therefore decided to determine 
the correlation between alpha fre- 
quency and adaptation rate, utilizing 
only S records, on the assumption that 
the L record reflected the intrusion of 
a different factor from the one under 











i8 A. C. MUNDY-CASTLE AND B. L. McKIEVER 


a ae aaa a x °F? Re bee fe ae ver 


: 





®. 
# 


/ 
‘ ; Z 
mo ze ¢ g2 





+ 





a 

ok 
BORE 
coe een a 














°o 


or 


im ise 22-60. 


ag necting st ote pein nt prenany meager nonpregnant seen ap pee nny Sy op ee 
mi t se 


as ; : 4 


P noes ae an — Be - Sn +4, oe 
is ; eo ro 





Fic. 2. Labile records 


a. Female, 19 years. No adaptation. Very large initial response, numerous endogenous 
responses in addition to responses to stimuli. Generally irregular appearance. Average resistance 
= 30,352 Q. 

b. Female, 17 years. No adaptation. Responses show no decrease in amplitude and large 
endogenous responses occur. Average resistance = 11,025 Q. 

c. Female, 24 years. No adaptation. Marked swings in level of resistance and occasional 
endogenous responses. Average resistance = 23,850 9. 





Fic. 3. Stable/Labile record 


Male, 21 years. No adaptation. Small endogenous responses at first, but otherwise steady 
resistance level. Average resistance = 20,125 Q. 
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TABLE 1 
Composition or GSR Groups 
Population Adaptation* Sex 
a La a 
y , ren 
i Staff Nonstaff | Adapted y vty M F 
Stable 47 17 30 45 2 23 24 
Stable/Labile 21 4 17 11 9 9 12 
Labile 35 6 29 6 28 14 21 
Totals 103 27 76 62 | 39 46 57 








*2 Ss excluded (see text). 


consideration. It was not possible to 
include the two S records showing 
nonadaptation after 35 stimuli, since 
it cannot be known when or whether 
adaptation would have occurred. 

The mean adaptation rate of theS 
group excluding these two Ss was 
9.956 stimuli, SD = 7.010, and the 
product-moment correlation with alpha 
frequency is significant at the 1% 
level. Adaptation rate shows no rela- 
tionship with age, average resistance 
level, or other alpha characteristics 
(Table 2). 

Normality of the distributions of 
adaptation rate and mean alpha fre- 
quencies were checked by the Geary 
and Pearson (16) Test for Normality, 
with the following results: 


Adaptation rate: a = .727 
Vb, = 1.654 
Alpha frequency: a = .767 
Vb, = .165 


TABLE 2 


Propuct—-MomMENT CoRRELATIONS WITH 
ADAPTATION RATE 
(S Group, N = 45) 

















Mean SD r 
Age 22.667 4.852 022 
Av. resistance | 29,510.91 | 10,341.518} .073 
level (ohms) 
a Frequency 10.204 .860 421 
(c/sec.) 
a Amplitude 33.167 21.766 | —.136 
(microvolts) 
% Time a 50.267 27.676 | —.122 








The high value of Vd, in adaptation 
rate shows the distribution to be lepto- 
kurtic; none of the other values depart 
from normality. Since the distribu- 
tion was not normal, the correlation 
of GSR adaptation rate of the S group 
and mean alpha frequency was also 
calculated by Kendall’s rank-correla- 
tion method (26), giving the signifi- 
cant value: 


r= 3979 
G-) _ 3.593 
Cs 

N =45. 


Resistance level—The prestimula- 
tion resistance level and the average 
resistance level were found to correlate 
significantly (r = .791, p <.01). 

Since Darrow et al. (8) have re- 
ported relationships between conduct- 
ance and alpha frequency and alpha 
amplitude, similar calculations with 
the present material were done, con- 
verting average resistance levels to 
micromho conductance values. There 
were no significant correlations. No 
relationships between per cent time 
alpha and average resistance levels 
were found (cf. 11). In addition, 
there was no relationship between 
resistance level and age. 

Types of GSR record.—Mean alpha 
frequencies of the three GSR types 
were not significantly different. Both 
mean age and mean average resistance 
level of the S group were significantly 
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higher than the L and S/L groups; the 
latter two groups not being significant- 
ly different from each other. There 
were significant differences in incidence 
of adaptation between all three GSR 
types. The figures are shown in 
Tables 3 and 4. 

To check the possibility that lability 
was not being recognized at high 
resistance levels, owing to the limita- 
tions of the apparatus (see Method) 
and that the significant difference in 
mean resistance levels of the Labiles 
as opposed to the Stable group was not 
an artifact, all Ss with resistance levels 
of 30,000 ohms or greater were ex- 
cluded. The significance of the differ- 
ence between the means of the two 
GSR types was recalculated. The 
resulting value of t = 3.0, p<.0l 
shows that the difference is still sig- 
nificant. Since in records with resist- 
ance values of 30,000 ohms and below, 
changes of the order of 200 ohms are 
easily recognizable, it is concluded 
that the differences found between L 
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and S groups in the larger analysis are 
valid and not due to instrumental 
artifact. 

x? contingency tables showed no 
associations between GSR type and 
per cent time or amplitude of alpha 
rhythm, nor with sex. There was a 
significant association between GSR 
type and age (see Table 5). This 
finding, together with the fact that 
the nonstaff group was significantly 
younger than the staff group (t = 2.5 
~<.025), prompted a test of the sig- 
nificance of the difference in incidence 
of lability in these two groups. It 
was possible that the nonstaff Ss were 
more anxious and ill-at-ease in the 
test situation than the staff members, 
who were familiar with the surround- 
ings and the Es (cf. 10). However, 
the incidence of lability in the two 
groups is not significantly different 


(t = 1.634, p>.10). 


GSR and theta rhythm.—Since GSR 


is associated with emotional variations, 


TABLE 3 


AvERAGE REsIsTANCE LEVEL, 
or ADAPTATION 


ALPHA FREQUENCY, 


Act, % IncIDENCE 


in GSR Groups 

















uency | 















































| Av. Resistance Level a Freq — 
(ohms) (c/sec.) —_ % 
Group | ee eae Incidence of 
| | - | | | Adaptation 
| Mean | SD N | Mean SD N | Mean SD N 
S | 29,072.5 10,497 | 47 10.437. | 842 | 47 | 22.542 2.400 | 47 95.7 
S/L. | 22,3555 | 9,093 | . | 10.674 .930 | 21 | 19.928 1.419 | 21 55.0 
L 21,986.5 | 9,768 | 35 | 10.617 | 1.065 | 35 | 20.786 | 1.988 | 35 17.6 
TABLE 4 
SIGNIFICANCE OF DIFFERENCES BETWEEN GSR Groups 
M A Mean @ | % Incidence 
Resistance Lovet Seaupeney | Mean Age of idegtation 
Group —_— emailing | 
| | 
oa =. p | ¢ p | t | p 
sas/L | 2.680 | <.o1 | 1000 | >25 | 5585 | <o1 | 3536 | <1 
sal. | 3.147 <.01 826 >.25 | 3.613 <.01 | 10.121 <.01 
L&S/L | 143 >.50 .210 | >see | tay | >.05 2.899 <.01 
| 
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TABLE 5 
x? Contincency Tastes: GSR Type anp Atpua Data, AcE, AND Sex 
sik |] e |» 
ia, | Sek |e [ee [= [oe 
Mean’ = 35.69 micro- | AboveMean | 13 | 20 | 9 290 | >.75 
volts sb 
Mean = 21.528 Below Meen 23 of 26 | 16 8.652 | <225 
sa me [| [e| |= 
the data were also analyzed in relation _ bility level. Further research must be under- 


to theta rhythm in the EEG, as there 
is evidence that this is related to emo- 
tional expression (29, 38). No signifi- 
cant associations were found between 
incidence or amount of theta rhythm 
with average resistance level, size of 
GSR to the first auditory stimulus (as- 
sumed to be a partially emotional 
response), or GSR type. 


Discussion 


Previous studies have indicated rela- 
tionships between alpha frequency, 
cortical excitability characteristics, 
and certain temperamental aspects of 
behavior (15, 30,31). Broadly speak- 
ing, high alpha frequencies occur with 
a high level of cortical excitability and 
tend to be accompanied by quick, 
impulsive, and variable behavior; low 
alpha frequencies occur with low levels 
of cortical excitability and are accom- 
panied by slow, cautious, steady beha- 
vior. These aspects of behavior are 
comparable with the two poles of the 
Heymans-Wiersma temperament vari- 
able, Secondary Function (3, 22, 39). 


The significant correlation between alpha 
frequency and the rate of adaptation of the 
Stable group suggests that adaptation rate in 
this group may also be related to cortical excita- 


taken before it can be ascertained whether there 
is a definite relationship with the temperament 
variable Secondary Function. There is no cor- 
relation with alpha frequency when the Labile 
group is included, nor is there any significant 
difference in mean alpha frequency between the 
three GSR classifications, this indicating the 
operation of more than one factor. 

The habituation or extinction of GSR in § 
records may be explained by the development of 
internal inhibition, as postulated by Pavlov in 
his work on conditioning, particularly since dis- 
inhibition may occur if a novel stimulus is 
introduced. It was noticed that spontaneous 
recovery of previously extinct responses occurred 
after a period of time. For example, a person 
who shows adaptation after 15 stimuli may 
respond after a break of 24 hr. to 10 stimuli 
before readaptation. This means that the rela- 
tionship between alpha frequency and adaptation 
rate in § records will only be observed if experi- 
mental conditions are new to S._ It would there- 
fore appear that one of the factors in these results 
involves the relative strength of excitatory/ 
inhibitory processes. If the weight is on the 
excitatory side, adaptation is slow; if on the 
inhibitory side, it is quick, other conditions being 
equal. This conclusion puts GSR adaptation 
rate in S records in the same context as alpha 
frequency and Secondary Function. 

It is now necessary to consider why the rela- 
tionship does not hold when L and S/L groups 
are included. The most significant findings are: 
(a) A significant association between GSR and 
age; young people showing predominantly L and 
S/L records. (b) The average resistance levels 
of the L and S/L groups are significantly lower 
than that of the S group. There was no associ- 
ation between resistance level and age. (c) In- 
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cidence of adaptation was significantly greater 
in the Stable than in the L and S/L groups. 

The association between GSR groups and age 
immediately suggests that stability may be a 
function of maturity; there is increasing evidence 
to show that there are centers for autonomic con- 
trol in the frontal cortex. A wide variety of 
autonomic reactions has been elicited by elec- 
trical stimulation of the frontal lobes, among 
which have been GSR in the cat (28, 33) and 
vasomotor reaction in man (13). Fulton (12, 
13) regards the recognition of the relationships 
between the forebrain, autonomic function, and 
affective behavior as one of the most significant 
developments in modern neurology. These find- 
ings support the suggestion that lability of GSR 
records might be due to relative lack of cortical 
control over lower centers involved in this sphere 
of autonomic function, this possibly reflecting a 
degree of cortical immaturity. Such a conclu- 
sion accords with Darrow’s theory (7) that the 
frontal cortex exerts inhibitory restraint over 
hypothalamic activity, this restraint being 
removed by premotor injury. It should be 
noted, however, that there was no observed rela- 
tionship with theta rhythm, which has been 
shown to be related to cortical maturation proc- 
esses (23, 29). This does not invalidate the 
above suggestions since EEG’s and GSR’s were 
not recorded simultaneously and there was no 
automatic frequency analysis. Consequently, 
only gross assessments of theta activity were 
possible. 

Variations in extent of cortical control imply 
corresponding variations in thresholds for the 
elicitation of changes in skin resistance; this 
means that Ss with L records will show GSR’s to 
stimuli which are ineffective with Ss with S 
records, other conditions being equal. There- 
fore it would be expected that general levels of 
resistance will be lower in the L than S groups, 
and, further, that any process of adaptation to a 
repetitive stimulus may be interfered with by the 
heightened reactivity and its consequent disinhib- 
iting effects. Both expectations are confirmed. 

There seem to be, therefore, two factors under- 
lying the results of this experiment. The first 
factor determines the relative strength of exci- 
tatory/inhibitory processes, which is reflected 
in adaptation rate in Stable records. It has been 
shown to be related to alpha frequency, hence to 
central excitability characteristics and possibly 
the temperament variable Secondary Function 
(15, 30, 31). The second factor, manifested in 
lability, appears to be related to the degree of 
cortical restraint over lower autonomic centers. 
In Ss with a high degree of lability the relative 
excitatory/inhibitory balance is not reflected in 
adaptation rate, since the adaptation process is 
continually disinhibited by the increased respon- 


siveness consequent on lack of cortical restraint. 
The factor giving rise to this disinhibitory process 
is unrelated to the excitatory/inhibitory factor, 
but its presence may indicate apparent high posi- 
tion on the excitation side because of failure in 
adaptation. 

It is impossible to ascertain the distribution 
of lability from the data. We postulate, how- 
ever, that lability is a unitary continuous vari- 
able, of which progressively less is present in the 
S/L and S groups. The fact that there was no 
significant difference in incidence of lability 
between staff and nonstaff groups despite the 
lower mean age of the latter, shows that lability 
is not necessarily a function of unfamiliarity. It 
may be related to another temperament variable 
such as emotionality or emotional stability. 

Although no significant relationships were 
found between GSR and other EEG data, this 
does not mean that they do not exist, nor does it 
invalidate the findings of Darrow (8) mentioned 
earlier. Such relationships can probably only be 
found by simultaneous recording of GSR and 
EEG. In particular, the relationships between 
theta rhythm in EEG and GSR lability should be 
of interest since the former has been shown to be 
related to cortical immaturity (23, 24). An 
experiment involving simultaneous EEG and 
GSR recording has been planned. 


SUMMARY AND CONCLUSIONS 


1. GSR’s of 109 normal Ss were 
recorded while auditory stimuli were 
given at 30-sec. intervals. Recordings 
continued until adaptation occurred 
or until 35 stimuli had been presented. 
EEG’s were independently recorded 
from all Ss. 

2. GSR records were classified as 
follows: 

a. Stable (S):GSR’s only toobserved 
stimuli: no endogenous responses. Con- 
sistent pattern of resistant changes. 

b. Stable/Labile (S/L): a few endo- 
genous responses and/or unstable re- 
sistance level. 

c. Labile (L): many endogenous 
responses, often accompanied by un- 
stable resistance level. 

3. Labiles tended not to adapt to 
the stimuli, whereas Stables did, their 
adaptation rate being significantly cor- 
related with alpha frequency. Mean 
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age of L group was significantly lower 
than that of S group. 


4. It was suggested that two factors 


contributed to these results: 


a. A factor determining the relative 


strength of excitatory/inhibitory proc- 
esses, this also related to alpha fre- 
quency and probably the temperament 
variable Secondary Function. 


b. Extent of cortical restraint over 


lower autonomic centers, this probably 
related to a maturation factor. Adap- 
tation rate will be determined by the 
first factor, but if the second factor is 
predominant, an L record results and 
continued disinhibition of the adapta- 
tion process occurs. 


5. A further experiment recording 


GSR and EEG simultaneously has 
been planned to investigate thor- 
oughly these hypotheses. 
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PHYSIOLOGICAL NEED, WORD FREQUENCY, AND VISUAL 
DURATION THRESHOLDS ! 


LAUREN G. WISPE AND NICHOLAS C. DRAMBAREAN 
The Ohio State University 


During the past 15 years a growing 
body of research has demonstrated a 
significant relationship between vari- 
ous physiological need states and cer- 
tain aspects of perception. Despite 
differences in methods, various studies 
(2, 4, 10, 15, 16) have shown that in 
so-called “projective” experimental 
situations Ss report more need-related 
activities and objects as a function of 
increased deprivation states. More 
recently several experiments (13, 14) 
have used the tachistoscopic exposure 
of words related to the six value areas 
of the Allport-Vernon Scale of Values 
(1) as a means of studying the differ- 
ential effects of personal values in per- 
ception. Tachistoscopic-recognition 
time studies (13, 14) have in common 
with the projection-type studies (2, 
10) the presentation of only minimal 
cues to Ss. Although this similarity 
applies only to the incipient stages of 
the tachistoscopic procedures, the re- 
sults of these two methods are roughly 
comparable, and interesting possibil- 
ities present themselves for an amalga- 
mation of the two techniques. It is 
still questionable that a temporary 
physiological need state will selectively 
affect the tachistocopic recognition of 
need-related word stimuli. The data 
from the projection experiments indi- 
cate that need states are important de- 


1 The Laboratory of Social Relations, Harvard 
University, supported the pilot study. The pres- 
ent research was made possible by a grant from 
The Ohio State University Research Foundation. 
The writers are greatly indebted to Dr. R. L. 
Solomon for his assistance in the preliminary 
stages of this project. We would also like to 
thank Drs. R. S. Wherry, D. D. Wickens, and 
P. Ratoosh for many helpful suggestions and 
criticisms. 


25 


terminers of what S will report in the 
experimental situation, and the results 
of the tachistoscopic studies show that 
values will selectively influence the 
recognition of words related to these 
value areas. Therefore, in the light 
of previous experimental evidence, it 
was hypothesized that with an in- 
creasing physiological need state the 
recognition-time thresholds for need- 
relevant verbal stimuli would be low- 
ered, or that hungry and thirsty Ss 
would “see” food and water words 
more rapidly than neutral words. 
Since changes in perception are in- 
ferred from changes in verbal response, 
the properties of linguistic materials 
must be taken into account in any 
analysis of perceptual phenomenon. 
The strength, or “frequency” in 
Thorndikian terms, of the word stim- 
uli may well be a factor that is con- 
tributing to what is inferred in the 
perceptual process. Howes and Solo- 
mon (8) investigated this relationship 
and found the frequency of usage of 
words to be inversely related to the 
duration thresholds for the recogni- 
tion of words. These authors assumed 
that duration thresholds and verbal 
frequency are both related to verbal 
strength, or the probability that the 
verbal response will occur. The pres- 
ent study was undertaken to confirm 
the Howes-Solomon hypothesis that 
common words would be recognized 
more rapidly than uncommon words. 
The two points of view presented 
above, one emphasizing autistic fac- 
tors in perception and the other indi- 
cating the importance of the stimulus 
variables, lead to certain important 
problems. Murphy has stated (11, 
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p. 367) that in the face of relatively 
inflexible uniformities of structure (in 
this case the frequency of word usage 
in our language) autistic factors may 
often be negligible. And Solomon 
and Howes (17), repeating the Post- 
man, Bruner, and McGinnies (13) 
experiment using common and uncom- 
mon words in the Allport-Vernon 
areas, found that word-commonness 
was a more important determinant of 
recognition threshold than personal 
values. In fact, Solomon and Howes 
prefer to consider personal values as 
mean deviations from the normal- 
population verbal usage. Postman 
and Schneider (14), on the other hand, 
have argued against S—R reductionism 
and for the value of including “direc- 
tive” factors among the theoretical 
considerations. The crucial question, 
therefore, is this: How important is a 
temporarily established need state in 
the face of strongly conditioned stim- 
ulus-response relations? Will the ver- 
bal responses to a particular word 
stimulus, responses which have been 
conditioned through the years, be sig- 
nificantly altered by an induced physi- 
ological need? Or, to put it specifi- 
cally, after 24 hr. without food and 
water, will the name of an uncommon 
thirst satisfier be recognized more rap- 
idly than a common neutral word? 


MetTHopD 


Stimulus material—The stimulus material 
consisted of two lists of 24 words each, 12 of 
which were “need” words and 12 of which were 
“neutral” words. Of the 12 need words in each 
list, 6 related to food deprivation and 6 to water 
deprivation. Following the lead of McClelland 
and Atkinson (10), the food and water need 
words were divided into “fact” words, which in 
the present study signified the process of taking 
food and/or water into the body, and “object” 
words, which were the names of satisfiers. There 
were thus four subclasses of need words: (a) 
food-act words, (b) food-object words, (c) water- 
act words, and (d) water-object words. The 12 
neutral words in each list were matched for com- 
monness and supposedly were unrelated to the 
hunger-thirst process. Both lists were matched 
for commonness, and, insofar as possible, con- 


tained the same number of act and object, food, 
water, and neutral words. Testing time for each 
list was about 13 hr. 

Several independent measures of word fre- 
quency were used in order to assess the common- 
ness of the word stimuli. The Thorndike-Lorge 
Teacher’s Word Book of 30,000 Words (18), which 
contains indications of word strength based upon 
frequency of occurrence in their sample, was the 
basic measure. However, the Thorndike-Lorge 
estimates are based on a selected sample of 
written language, and it was believed that there 
might be some disparity between this and the 
spoken language of college undergraduates. The 
problem of ascertaining commonness is aggra- 
vated by the fact that in the construction of the 
word lists little latitude is given by the structure 
of our language; to wit, there are just a limited 
number of words signifying the process of taking 
food and water into the body. With these facts 
in mind the stimulus words were presented to 
two samples of 150 and 100 college undergradu- 
ates to be rated as “common,” “mid-common,” or 
“uncommon” depending upon the frequency 
with which they are used in the everyday vocabu- 
lary of the judges. The correlations between the 
Thorndike-Lorge word ratings and the common- 
ness ratings of the undergraduate samples were 
.86 and .81, respectively. In view of these high 
correlations with the Thorndike-Lorge ratings, 
the verbal frequency estimates of the students 
were used to determine the commonness of the 
words used in the experiment.? Table 1 included 
the ratings and classifications of the words used. 

Equipment.—Presentation of the stimulus 
material was made with an episcotister and a 
50-mm. slide projector. The episcotister was 
driven at the rate of one revolution in 3.5 sec. by 
a constant-speed motor. The disk was 18} in. 
in diameter, and the arc openings were calibrated 
so that exposures could be graduated at .01-sec. 
intervals. The words were typed in regular pica 
type on amber-colored cellophane and mounted 
on 2 X 2-in. slides. The Ss sat 15 ft. from the 
beaded glass screen on which two fixation points 
had been painted. Five feet behind the Ss, and 
slightly to their right, was the projection table. 

Subjects —The 60 Ss, Ohio State University 
men and women enrolled in the introductory 
psychology course, all volunteered thinking they 
would have to go 24 hr. without food or water. 
Since the pilot study indicated that 24-hr. absti- 
nence produced mild fatigue effects which seemed 
to be aggravated by having S reappear for several 


2 As a further check on the reliability of the 
ratings for commonness of usage the experimen- 
tal Ss rated the words for frequency of usage 
about two weeks after they had completed the 
recognition study. The correlations with the 
Thorndike-Lorge and the two undergraduate 
ratings were .79, .89, and .97, respectively. 
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TABLE 1 


PRESENTATION ORDER AND CLAssIFICATIONS oF Lists or StimuLus Worps 
with Means anv SD’s 























List I List II 
Sti : Classi- ‘ . Classi- 
timulus Word fication* Mean SD Stimulus Word fication* Mean SD 
munch AUF 360 065 nibble AUF .242 152 
godson | NU 312 312 devout NU 171 093 
need | NC .147 055 beat NC .106 .036 
mean | NC 317 173 speak NC 118 052 
serenade | NU .167 .071 solar NU 186 .132 
feed | ACF .107 .058 eat ACF 158 .100 
lemonade OUW 129 .064 soda OUW 162 .076 
think NC .074 026 rip NC 124 .060 
comb NC .126 .057 weather NC .194 .086 
imbibe | AUW .280 .163 gulp AUW 123 073 
milk OCW 112 059 cake OCF .088 043 
imbed NU .203 116 gust NU 117 .080 
drink ACW .061 021 sip ACW 108 062 
coke OCW .096 071 water OCW 113 062 
dine ACF .103 061 drain ACW 086 033 
waddle NU .234 .104 idler NU 187 117 
waffle OUF 147 .139 cider OUW 107 041 
chuckle NU 182 .093 ram NU 184 062 
mine NC .106 042 lake NC .079 .026 
hunch NU .202 .109 quibble NU 129 051 
chocolate OUF .164 .106 ham OUF 130 053 
guzzle | AUW 130 | .089 devour AUF .079 025 
dive NC .079 043 dread NC 118 064 
meat OCF .179 093 steak OFC .098 .038 




















* A, O, N indicate “‘act,”” “object,” and “neutral” 
common” words; and F, W indicate “‘food"’ and “‘water’ 


protracted testing sessions, different Ss were used 
for each of the three deprivation periods, and 
each S was tested only once. The Ss were ran- 
domly assigned to one of the two lists and one of 
the three deprivation periods. Thus each list at 
each of the deprivation periods was run on 10 Ss. 

Procedures.—The experiment was presented 
as one of visual acuity and deprivation. On the 
testing days Ss were not permitted to eat or 
drink, and they were requested to limit their 
activities to classes and study. Smoking, if 


3 The question of a food, or a water, or a com- 
bined deprivation state provides additional com- 
plications for research of this kind. The food 
drive in our culture is cyclical, and largely a 
matter of habit. Other research (16) has indi- 
cated that the factor of habit and the influence 
of a real physiological need state are almost 
inseparable. The water drive, although rela- 
tively free-of the above-mentioned problems, is 
difficult to arouse. Probably 24 hr. of water 
deprivation induces little real tissue need in the 
average person. Furthermore, in experiment (9, 
19) and experience of most people the two drives 
can be shown to be almost inextricably bound 
together. Nearly everyone has sometime taken 
certain of the water-objects to satisfy the hunger 


words, respectively; C, U indicate “common” and “un- 
* words. 


necessary, was permitted with restraint. Three 
periods of deprivation were induced. The con- 
trol group (0-2-hr. deprivation) ate a normal, 
but late, lunch. The 10-hr. deprivation group 
ate breakfast at 7:30 a.m., and the 24-hr. depriva- 
tion group ate their last meal at dinner time on 
the night preceding their testing periods. All 
testing was begun each day at 5:30 p.m. Each S 
was called the night before he was to appear in 
order to insure his abiding by the conditions. 
In the instructions use of the episcotister was 
explained to S, and he was told that the list of 
words to be presented had neither proper names 
nor nonsense syllables. The E explained that 
“Ready ?” would precede each presentation, and 
that when nothing was clear, S should report 
“flash” or “blank.” Guessing was encouraged. 
The two practice words were intended not 


need—as when he drinks a great deal of water to 
ward off hunger pangs. There is the final prob- 
lem that it is almost impossible to arouse one 
need state without arousing the other also. In 
order to create a water need it is necessary to 
deprive the person not only of water, but also of 
certain foods which are high in water content. 
These considerations suggest that the best proce- 
dure was to deprive Ss of both food and water. 
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TABLE 2 
Mean REcocGniTIon TIME THRESHOLDS AND SD 
(in Sec.) or Principat CLASSIFICATIONS 
or Stimu_tus Worps 








Need Words Neutral Words 





Deprivation 
Periods : ‘ 

Com- | Uncom- | Com- | Uncom- 

mon mon mon mon 


0 Mj} .1S51 | .241 | .129 | .189 
SD} .048 | .080 | .041 | .059 








10 M | .089 | .136 | .128 | .188 
SD} .028 | .045 | .045 | .058 





24 M| .089 | .138 | .142 | .192 
SD} .064 | .048 | .047 | .062 




















only to absorb some of the practice effects, but 
also to give E an opportunity to estimate the 
range within which S’s first correct responses 
would occur. Since this range was extremely 
large, no definite sequence of exposure times 
could be used. Therefore, for each S the expo- 
sure time of the first set of presentations was 
aimed at the level where S would report seeing 
“only a flash of light.” The exposures were then 
increased at .03-sec. intervals until S could report 
seeing “letters” and/or began making some 
guesses about the word. Thereafter the expo- 
sure times were increased at .Ol-sec. intervals 
until the word was correctly reported. In this 
ascending method of limits, two presentations 
were made at each exposure level. The criterion 
for a correct report was two successively correct 
responses. The duties of E forced the intervals 
between presentations to remain fairly constant 
at about 25 sec. During this time Ss were 
allowed to look around the room, which was kept 
at about 5-7 ft.-candles illumination. 


REsuULTS 


Preliminary to the analyses of vari- 
ance, the mean recognition time for 
List I was tested against the mean 
recognition time for List II. List I 
turned out to be significantly more 
difficult, but the shape of the various 
functions within each list was the 
same, so the data from the two lists 
were combined. To test the assump- 
tion of homogeneity necessary for the 
analysis of variance, the Bartlett test 
was applied to the combined data. 
The result, x? = .1202, p>.05, indi- 
cates that these data fulfill this 
assumption. 
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Since several analyses of variance 
failed to reveal any significant differ- 
ences between the food-water and the 
act-object mean recognition times, the 
data were classified into (a) need- 
neutral words, (6) common-uncom- 
mon words, and (c) the three periods 
of deprivation. These mean recogni- 
tion times are given in Table 2. From 
Fig. 1 we see that in general the need 
words are recognized more rapidly as 
need increases, while the recognition 
times for the neutral words are un- 
related to the periods of deprivation. 
The analysis of variance of these data 
(Table 3) shows that of the main effects 
only the differences between the com- 
mon- and uncommon-word recognition 
thresholds proves significant. When 
properly tested neither the difference 
between the need and neutral words, 
nor that among the deprivation peri- 
ods is significant. 

The only significant interaction 
effect, and the one most important for 
our purposes, is between the need and 
neutral words and the three periods of 
deprivation. This interaction is sig- 
nificant beyond the 1% level. The? 
tests for the significance of differences 
between the mean recognition times of 


20 4 

240 7 -e——e Need Common Words 

230 7 o——-o——-© Neutral Common Words 
a» ae 4 _—_l——« + Need Uncommon Words 
2 20 4 4-——-&—-—< Neutral Uncommon Words 




















° 10 24 
Periods of Food ond Water Deprivation 


Fic. 1. Recognition thresholds (in seconds) 
for the need and neutral words of the three depri- 
vation periods 
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TABLE 3 


ANALYsIS OF VARIANCE OF RECOGNITION 
Time THRESHOLDS 








Source 


Variance 
| af Estimate F 








Word commonness | 1 112.6914 | 27.5* 

Deprivation periods | 2] 2.53819 

Need-Neutral words 1} 1.55418 
2 








+CXN+CxXD |} 


Commonness X Depri- .23049 | 
vation 
Commonness X Need- | 11 .02176 
neutral words 
Deprivation X Need- |} 2] 3.00214| 6.5* 
neutral words 
Commonness X Depri- | 2 14445 | 
vation X Need-neutral | 
words 
Within cells 1132 | .46093 | 
Total |143 | 
w.Cc.+CxXDxXN _ |137 | 4497 





*p < 01. 


the need and neutral words and the 
deprivation periods show that the 
results are in the expected direction; 
at O-hr. there are no significant differ- 
ences between the need and the neu- 
tral words, while at the 10-hr. and 
24-hr. deprivation periods the need- 
word thresholds are significantly lower 
than the neutral-word thresholds. 
The difference between the 10-hr. and 
the 24-hr. need-word recognition times, 
however, is not significant. 

It is of interest to separate the fac- 
tors causing variability in recognition 
times, and to arrive at estimates of the 
components of the total variance 
assignable to each factor.‘ Essen- 
tially, we are asking the question, 
which are the more important com- 
ponents of variance? Computing 
these, and their standard errors, we 


4The experimental design employed in this 
research is better suited to specifying the fixed 
relations of the parameters of interest than to 
estimating the components of random variation, 
especially since the procedure employed deviated 
somewhat from a strictly random sampling of the 
variables involved (5, 7). Nevertheless, as 
Daniels (6) has pointed out, one may interpret 
the mean squares of fixed deviations as variance 
components, and proceed to assign portions of 
the total variance to each of the factors involved. 


see that the largest part of the variance 
is attributable to commonness, 6c = 
.1703 + .0215. However, the inter- 
action between the deprivation periods 
and the need-neutral words is also 
large, opyn = .1062 + .0079. The 
components for the deprivation peri- 
ods, and for the need-neutral words, are 
Gp = .0096 + .0035, and Gy = .0202 
+ .0012. Although commonness is 
the most important factor, the esti- 
mate of the variance ascribable thereto 
is only about 1} times greater than 
that contributed by the deprivation 
X need-word interaction. 

The Ss’ presolution responses were 
recorded and analyzed. In general 
these data confirm the hypothesis (13) 
of an inverse relationship between the 
number of “covaluant” presolution 
responses and the recognition-time 
thresholds, for there is an increase in 
the number of need-related presolution 
responses at 10 hr. with a correspond- 
ing decrease in the duration thresh- 
olds, while at 24 hr. the number of 
presolution responses decreases and 
the recognition times increase. 

Important information can be ob- 
tained if the presolution responses are 
categorized into those denoting “goal 
objects” (the names of hunger and 
thirst satisfiers and the names of 
meals), “goal acts’? (verbs and verb 
forms related to taking foods and 
liquids into the body), “instrumental 
responses” (names of specific estab- 
lishments serving food and beverages, 
names of cooking and containing uten- 
sils, and names of processes for the 
preparation of food) and “neutral 
responses” (all those not classifiable 
under one of the rubrics above). 
These results are presented in Fig. 2. 
There is a sharp increase in the num- 
ber of act and object responses at 10 
hr., and a marked drop at 24hr. The 
instrumental responses, on the other 
hand, drop slightly at 10 hr., and rise 
slightly at 24 hr. The x’ analysis of 
the data is significant beyond the 1% 











30 L. G. WISPE AND N. C. DRAMBAREAN 





object responses 
o— —o— —a oct responses 
o-—-~o- —~0 instrumental responses 


Number of Presolution Responses 








Periods of Food and Water Deprivation 


Fic. 2. Number of presolution responses for 
each deprivation period 


level. This empirical finding is cor- 
roborated by the results of word- 
association data (20), and it is related 
to McClelland and Atkinson’s findings 
(10) that as need increases there is an 
increase in the number of responses 
pertaining to acts instrumental to ob- 
taining need-satisfiers. 


Discussion 


Let us first consider the findings on physio- 
logical need states and recognition times for 
need-neutral stimuli. In general we can conclude 
that with increasing need, need-related words are 
recognized more rapidly. However, this is not a 
simple linear relationship, for by the 24-hr. 
period there is a slight (although not significant) 
increase in the recognition thresholds. Since 
several analyses of variance indicate this leveling- 
off effect is not the result of “subjective” hunger 
and thirst states (measured by two 5-point rating 
scales), and since it is not due to different food- 
and water-word effects, we can assume the shape 
of this curve to be a function of the processes 
under investigation. 

Various theoretical explanations can be made 
of these findings. In learning theory terms, we 
can say that since in the past history of the 
organism the food and water objects and acts 
named in the word list have been associated 
“subvocally” with the reduction of the food and 
water drives, their probability for occurrence is 
raised in the response hierarchy. Since associ- 
ationist learning theories hold that the more 
frequently a response and a stimulus have been 
associated in the past, the briefer the exposure 
necessary to elicit that response, it follows that 


the overt responses, the recognition of food and 
water words, will be elicited by lower presenta- 
tion thresholds. This is in keeping with the 
explanation of Solomon and Howes, who write 
that “the relation between word frequency and 
duration threshold is a case of the general rela- 
tionship between the probability of a response 
and the latency of its occurrence in the presence 
of discriminated stimulus” (17, p. 267). 

On the other hand, in terms of the Bruner- 
Postman “hypothesis-information” theory (3, 
12) the results can be explained by the proposi- 
tion that “the stronger the motivational support 
for a given hypothesis, the less of appropriate 
stimulus information is required to confirm it” 
(12, p. 255). In the present experiment “moti- 
vational support” could be assumed to have 
increased with increasing deprivation, and “less 
stimulus information” can be equated to shorter 
presentation exposures. 

This raises the question of the effect of word 
frequency on recognition thresholds. The prob- 
lem has not always been clearly put. For exam- 
ple, Solomon and Howes have shown that a per- 
son’s score on the Allport-Vernon Scale of Values 
can be deduced from “the inverse relation be- 
tween word frequency and duration threshold, 
plus a knowledge of how frequently that subject 
uses words representing the various areas of 
interest” (17, p. 266). These writers presented 
a strong argument showing that more of the 
variance in recognition thresholds could be ac- 
counted for by word-commonness than by such 
variables as S’s value rank. But this is not the 
issue. In the present research, too, the largest 
component of variance is attributable to com- 
monness. However, even in the Solomon and 
Howes study there is a marked relationship 
between value rank and duration threshold, espe- 
cially for uncommon words; and in the present 
experiment the interaction between the need 
words and deprivation is highly significant. 
Therefore it would appear that although word- 
commonness may be the dominant source of 
variance, much more variance in this kind of 
research can be explained by including so-called 
“motivational” or “directive” variables. 

One further question remains, and this con- 
cerns the role of word frequency in the inter- 
action between the need-neutral words and the 
deprivation periods. The question is: Will com- 
mon and uncommon need and neutral words 
behave in the same way under increasing periods 
of deprivation? Studies already cited (14, 17) 
have indicated the importance of this aspect of 
the problem. An adequate theory of perception 
must consider not only the stimulus and the 
“directive” variables, but must also account for 
the dynamics of the interaction between them. 
Figure 1 shows that both the common and the 
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uncommon need words are recognized more rap- 
idly with increasing deprivation, although the 
curve for the uncommon words seems to have a 
steeper slope between the 0- and the 10-hr. depri- 
vation periods. The statistical significance of 
this relationship is tested by the triple inter- 
action in Table 3, which is not significant. Thus 
we may conclude that in this research word- 
commonness was not an important factor in the 
relationship between the need-neutral words and 
the periods of deprivation. 


SUMMARY 


This experiment was designed to test the 
hypothesis that with increased deprivation, need- 
relevant stimulus words would be recognized 
more rapidly than neutral words, and to deter- 
mine what part word frequency played in this 
process. Three groups of 20 Ss each were de- 
prived of food and water, and their recognition 
thresholds for need-relevant and neutral words 
were obtained at 0-, 10-, and 24-hr. deprivation. 
The stimulus words were matched for common- 
ness and food-water relevance. The principal 
findings were: (a) that word-commonness was 
the single most important factor, (b) that need- 
related words were recognized more rapidly as 
need increased, and (c) that word-commonness 
was not a significant interactive factor. The 
relationship between physiological deprivation 
and recognition-time thresholds for need-relevant 
stimuli is not a simple linear one, however, for 
there is a slight increment in the recognition-time 
thresholds at the 24-hr. period. Analysis of the 
presolution responses revealed that at 10 hr. there 
was an increase in the number of need satisfiers 
and “eating” and “drinking” words, with a drop 
at 24 hr. ; while the responses denoting acts instru- 
mental to obtaining need-satisfaction decreased 
at 10 hr. and increased at 24 hr. 
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AN ELECTROMYOGRAPHIC STUDY OF TENSION IN 
INTERRUPTED AND COMPLETED TASKS! 


A. ARTHUR SMITH 


Allan Memorial Institute of Psychiatry and McGill University 


Lewinian theory (3) postulates the 
existence of “‘tension systems” asso- 
ciated with the carrying out of tasks. 
These normally disappear when task 
activity ends. If, however, the task 
is unfinished, the tensions will persist; 
and this will in general lead to differ- 
ences when complete and incomplete 
activities are compared. 

Most often, such comparisons have 
been made on a purely psychological 
level. The present investigation, using 
the technique of continuous electro- 
myographic (EMG) recording, at- 
tempts: (a) to observe differences 
between completed and interrupted 
activities at a physiological level, that 
of muscle tension; and (b) to infer 
therefrom something about the nature 
of the tensions postulated by Lewin. 


METHOD 


Tasks——Four tasks were administered, each 
of which called for the drawing of a simple geo- 
metrical figure. Figure 1 illustrates the patterns 
used. These were drawn separately with India 
ink on letter-size sheets of white paper, and pre- 
sented to Ss as mirror-tracing tasks. The cir- 
cumferences were 26 cm. for the smaller figures 
(always used as completed tasks) and 31 cm. for 
the larger (always interrupted). In the latter, 
S was stopped at a point 5 cm. from the goal, 


1 This research was performed under Contract 
No. DA-49-007-MD-70 between the U. S. 
Department of the Army, Office of the Sur- 
geon General, and McGill University. The pres- 
ent report is based on a thesis submitted to the 
Faculty of Graduate Studies and Research, 
McGill University, in partial fulfillment of the 
requirements for the degree of Doctor of Philos- 
ophy. An abridged version was read before the 
American Psychological Association, September 
1952. Grateful acknowledgment is made of the 
interest and support of Dr. Robert B. Malmo in 
the execution of this research. 
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The 
tasks were given in a different, random order to 
each S. 


thus equalizing the work done on all tasks. 


A pparatus.—Continuous tracings were taken 
of the bipolar EMG from five muscle groups. 
The recording apparatus was an Offner Type D 
electroencephalograph. The electrodes were 
attached to the forehead, the back of the neck 
(over trapezius), the chin (above and below the 
point, over muscles of the lower lip and tongue), 
and to the extensor surfaces of both forearms. 
Except for the neck, where chlorided silver elec- 
trodes of EEG type were used, the electrodes 
were small cubes of cellulose sponge, soaked in 
thin saline jelly. 

The outputs of four of the main amplifiers 
were fed into direct-reading manually controlled 
integrators (1). The operating cycle of these 
instruments consisted of a 10-sec. integration 
period, followed by a 10-sec. interval for reading 
and discharge. 

Subjects. —Fifteen Ss took part in the main 
experiment. Eight were college students (five 
female and three male); and seven (ali male) 
were service personnel from an Air Force station. 
In addition, four Air Force men carried out a 
check experiment. The college group ranged in 
age from 18 to 21 years, the Air Force from 21 to 
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Fic. 1. Task materials. Drawing was car- 


ried out in the direction of the small arrows; 
interruption occurred in region of broken cross- 
lines (not present on material given to Ss). 
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Questioning at the end of the session revealed 
that none of the Ss was familiar with previous 
work on interrupted tasks. 

Procedure-—When the electrodes had been 
attached, each S was given a general outline of 
the way in which the experiment would be 
conducted. At this time, half of the Ss were 
told: “If for any reason you don’t finish one 
of your tasks, don’t worry about it.” The other 
Ss were given no hint that they would be inter- 
rupted. 

Each task was preceded by a 1-min. expecta- 
tion period, during which S held his pencil on the 
start point of the drawing and waited without 
moving for E’s signal; and when activity had 
ceased—either because of interruption, or because 
the goal had been reached—S again remained 
motionless, holding his pencil on the point last 
reached for 1 min. 

Interruption consisted in E saying quietly, 
“Stop. Keep your pencil on the paper.” To 
preserve formal similarity, the same phrase was 
used when S had reached the goal. 

Treatment of data.—The primary data con- 
sisted of: (a) the EMG record, in which the 
height of an individual spike corresponded to the 
instantaneous value of the potential difference 
between the relevant electrodes; and (b) the 
integrator readings, a set of numbers propor- 
tional to the average value of the potential dif- 
ference during defined 10-sec. periods. 

These data were reduced to microvolts of 
potential difference by reference to a standard or 
calibration signal, impressed on the recording and 
integrating circuits at the end of each session. 
The standard signal was a 45-cycle sinusoidal 
voltage, generated by a Hewlett-Packard audio- 
oscillator; its amplitude was controlled by a 
General Radio microvolter. 

Two main classes of measurement proved 
feasible. To find the mean tension during one 
of the major time segments the integrator data 
were used, three converted integrator values 
being averaged for each minute of the test. 

For short-term phenomena, a different pro- 
cedure was necessary. This called for the 
measurement, on the EMG record, of the highest 
spike in each .2 sec. of certain designated 2-sec. 
periods. All measurements were made to the 
nearest half-millimeter. The ten measured spikes 
were averaged, and the average converted to a 
microvolt value. 


RESULTS 


The integrators measured over-all 
tension during the l-min. expectation- 
and postperiods, and during the task. 
Comparisons between interrupted and 


TABLE 1 


Averace Tension CuHance (in Microvotts) 
at Enp or Activity 

















Location of Muscles 
Condition 

Completion (97.7 2.5 17.6 |—0.6 | 10.0 
Interruption |47.5 |—3.6]1.3 |—3.7| 8.5 
Difference 50.2 6.1 | 6.3 3.1] 1.5 

N* 15 12 15 15 14 

t Tt 3.65) 2.34} 1.53) 0.58 

? .003 01} .05 10} = .50 

















* Variation in N represents loss of data due to 
technical difficulties. 

+ The ¢ test was not applied, due to a significant 
difference in variance estimates; the probability esti- 
mate was derived from the sign test. 


completed tasks on the basis of these 
data revealed no significant differences. 
The 2-sec. averages turned out to be 
more fruitful. They were designed to 
answer the question, “How much does 
tension decrease as soon as S stops 
drawing?” ‘Two periods were chosen 
for comparison: the last 2 sec. of 
drawing, and the 2 sec. immediately 
following. The difference between 
these two periods gave the required 
measure. ‘Table 1 presents the aver- 
age change for each muscle group. 
Muscle tension is seen to fall more after 
completion than after interruption. 
It is instructive to examine the 
actual tension levels from which these 
decreases were derived. Table 2 gives 
the values for the active arm; in addi- 
tion, it indicates the tension level at 
various points during S’s progress 
toward the goal. To obtain these 
values, 2-sec. tension averages were 
obtained from measurements on the 
EMG trace. Because measurements 
along this record represent time rather 
than distance, the required points were 
located by assuming that S drew at a 
relatively constant rate throughout. 
Even if this assumption is not strictly 
accurate, the effect is still that of a 
smooth, progressive increase in ten- 
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TABLE 2 
Active Arm Tension anv Distance From GoAL 
Percentage of Task Completed 
Condition 
Start 25% 50% 84% 100% Post* 
Completion 89.9 151.5 161.0 172.4 196.6 98.9 
Interruption 90.3 147.0 167.0 173.2 — 125.7 























* The difference between the values in this column is significant at the 1% level of confidence. 


sion, apparently as a function of dis- 
tance from the goal. Theshape of the 
tension curve appears most clearly in 
Fig. 2. 

The data of Tables 1 and 2 are inter- 
connected in a revealing fashion. 
When, for the active arm, the differ- 
ence between completion and inter- 
ruption is compared with the increase 
(averaged for all four tasks) from 
start to the 84% point, the rank-order 
correlation is .60. This indicates, in 
brief, that Ss who showed the greatest 
rise in tension during drawing also 
showed the greatest tendency to main- 
tain this tension when interrupted. 

One point remains. Four Ss were 
given the same test procedure, except 
that they were allowed to finish every 
task. For these Ss, no difference was 
found between completed and “‘inter- 
rupted” tasks. In this context, “in- 
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Fic. 2. Tension in active arm as a function of 
distance from goal 


terrupted” refers to the larger figures, 
the ones which had been interrupted 
for the main group. 


Discussion 


We have seen that muscle tension 
drops more after completion than after 
interruption. Is this due to inter- 
ruption per se? Performance time is 
not, apparently, a factor; the mean 
times for completed and interrupted 
tasks are, respectively, 334 and 34 sec. 

More serious are the suggestions 
that the potentials do not decline 
after interruption either because that 
interruption was unexpected and hence 
“startling,” or because S expected to 
go on with the task. It will be re- 
called that half of the Ss were given no 
hint that they would not carry all 
tasks through to completion; the 
others were told not to worry if they 
did not finish. If, now, the observed 
differences were dependent on such 
factors, they should appear most 
clearly in the group which was not 
forewarned. Such is not the case. 
Where the difference between comple- 
tion and interruption is (in active 
arm) about 50 microvolts for the 
group as a whole, it is only 25 micro- 
volts for the group receiving no warn- 
ing, and 75 microvolts for the rest of 
the Ss. 

It is now possible to consider the 
meaning of these findings. The hy- 
pothesis will be advanced that the 
observed increase in muscle tension 
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during drawing reflects the developing 
organization of a central neural proc- 
ess, which controls and “anticipates” 
the overt activity, and is yet relatively 
independent of immediate sensory 
stimulation. 


Several facts point both to prior organization 
and to freedom from sensory control. In tracing 
the “triangular” figure, the first movement 
required is in exactly the opposite direction from 
that which seems correct to S looking in the 
mirror. And yet no S began in the wrong direc- 
tion—surely a surprising result were there no 
previously organized process to anticipate the 
correct response. 

Again, the reports made by various Ss after 
the experiment can be cited. One S who had 
made a particularly accurate set of tracings 
remarked that he had “figured out ahead of time 
how to do it, and then sort of shut his eyes and 
did it.” It will, of course, be remembered that 
before each task there was a l-min. expectation 
period, which would allow ample time for such 
figuring out. 

Another inference can be drawn. From the 
reports it would appear that carrying out the 
tasks was not just a matter of motor organiza- 
tion, but that an element of conceptual activity 
—of thinking—was involved. The suggestion is 
strengthened when the patterning of the muscle- 
tension changes is examined. We have seen 
(Table 1) that the effect under examination is 
confined either to muscles functionally involved 
in carrying out the movements, or to muscles 
which are associated most directly with speech, 
i.e., muscles of the tongue and lower lip. Now it 
is probably fair to assert that, at least in the 
human adult in our present cylture, thinking in- 
volves a good measure of verbal activity. Con- 
sequently, specific activity in speech muscles 
may well imply the existence of something which 
could be labeled a “thought process.” 

In view of the picture that has been built up, 
what conditions are likely to obtain at the end of 
activity? When, in the completed tasks, the 
goal has been reached, the central process will by 
hypothesis already have run its course; cessation 
of activity will be accompanied by rapid relaxa- 
tion of all associated muscle tensions. But, when 
activity is interrupted, the central process will 
tend to continue for some brief time, and thus 
maintain the task-associated tensions. 

So far questions as to the nature of the central 
process and its mode of organization have been 
dodged. The problem is essentially the old one 
of “set,” of “determining tendency,” of directive 
and anticipatory processes in general. In a 
sense, organization is present from the start. 
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But it is basically static: a pattern of lines in 
space; whereas the question here is one of the 
organization of processes in space and time. 

Recently Hebb has developed ideas for han- 
dling such problems. In brief, the notions are 
those of “cell-assembly” and “phase sequence”; 
the cell-assembly being defined as “a diffuse 
structure . . . capable of acting briefly as a 
closed system, delivering facilitation to other 
such systems and usually having a specific motor 
facilitation. A series of such events constitutes 
a ‘phase sequence’ ” (2, p. xix). 

From this point of view, what can be said of 
the situation when an adult human § is con- 
fronted with the tasks here employed? Since 
these involved only simple movements of a pencil 
over a sheet of paper, it would seem that S’s 
problem was not how to execute any particular 
movement, but rather which of a number of 
familiar movements to carry out. In terms of 
the theory, S brought to the task an extensive set 
of previously developed cell-assemblies, which 
then became organized into a more comprehen- 
sive unit, the phase sequence. 

Such organization could occur in part during 
the expectation period : the instructions, together 
with the pattern of sensory impulses resulting 
from S’s inspection of the task figure, would serve 
to facilitate selectively certain of the phase 
sequences, and to establish or improve connec- 
tions between them. Such a process would be 
the neural correlate of “figuring out ahead of 
time what to do.” The signal to start, then, 
triggers the phase sequence; and it in turn, by 
virtue of its specific motor facilitation, guides the 
overt activity. 

This having begun, sensory feedbaek exercises 
a further selection among available neural struc- 
tures. That is, at the beginning the phase 
sequence is thought of as a loosely knit aggregate, 
many of whose components could lead to alter- 
nate ways of doing the task; these variants com- 
pete for the final common path to the muscula- 
ture. As the task proceeds, the error-correcting 
action of sensory feedback tends to the elimi- 
nation of alternates, to leave (in the limit) a 
single closely knit and dominant sequence of 
assembly actions. It is thus that the central 
process becomes better organized; thus that the 
increase in muscular tension comes about. 

Each cell-assembly is capable of self-main- 
tained action, as is the phase sequence as a whole. 
Hence, if interruption does not too seriously dis- 
rupt the sequence, its activity will carry on for a 
short time. And this “carry over” will also be 
a function of the level of organization attained. 
That is, tensional differences between completion 
and interruption should be related to tensional 
increases during activity ; this, we have seen, does 
occur. 
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PROBABILITY OF RECALL 











DEGREE OF ORGANIZATION 


Fic. 3. Theoretical curve relating recall to 
organization of phase sequence. The points i 
and c represent the level of organization attained 
in interrupted and completed tasks, respectively. 


Hebb (2, p. 143) has estimated the duration 
of such autonomous action at about half a second 
for a single cell-assembly, and a few seconds for a 
phase sequence. In the present instance, the 
fact that differences between completion and 
interruption are seen during the 2 sec. immedi- 
ately following drawing, but are obscured when 
longer postperiods are compared, points to a 
similar order of magnitude. 

This correspondence, while gratifying, is yet a 
source of theoretical difficulty. One of the im- 
plicit aims of the study was to throw light on the 
question of differential recall, as displayed in 
studies like that of Zeigarnik (4). A process 
which ceases well before the time when recall 
tests are administered can hardly be a sufficient 
answer. 

One suggestion may be offered. The present 
hypothesis requires that phase sequences corre- 
sponding to finished tasks be better organized 
than those corresponding to unfinished ones. 
Now, Hebb has suggested that a well-organized 
phase sequence is not likely to be repeated in 
detail; it will tend to “short-circuit.” Behavior 
will then tend to be “dominated by the thought 
process that is not fully organized” (2, pp. 227- 
230). The conception is, then, that when recall 
is asked for, phase sequences corresponding to 
completed activities have a greater probability 
of “short-circuiting,” of running through too 
rapidly and in too abbreviated a form to control 
effectively the memory process. 


There are obvious limits here. Too little 
organization can hardly be imagined to improve 
recall. A more satisfying hypothesis (illustrated 
in Fig. 3) is that subsequent recall of an activity 
is favored by increasing organization of the asso- 
ciated phase sequence, up to the point at which 
short-circuiting becomes likely. Beyond this 
point, the more highly organized process will 
become increasingly less likely to effect recall. 
This idea, it may be noted, is supported in some 
measure by Zeigarnik’s finding that tasks inter- 
rupted when nearly complete were remembered 
better than when interrupted shortly after work 
had begun. 


SUMMARY 


The experiment sought to deter- 
mine differences in muscle tension 
between complete and incomplete 
activities. Four mirror-tracing tasks 
were used, two of which were inter- 
rupted. A continuous EMG record 
was obtained from five muscle groups. 

Activity produced a steady rise in 
tension; this was related to distance 
from the goal. Muscular tension in 
certain critical areas persisted for a 
time after interruption. 

The findings were attributed to cen- 
tral neural processes capable of self- 
maintained activity. A relationship 
was postulated between the level of 
organization of such processes and the 
probability of subsequent recall. 
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‘THE EFFECT OF DIFFICULTY OF TASK ON PROACTIVE 
FACILITATION AND INTERFERENCE! 


ABRAM M. BARCH? 
State University of Iowa 


The purpose of this study was to 
investigate the kind and amount of 
transfer that would arise in successive 
practice on two motor tasks when the 
stimulus-response relations of the tasks 
were reversed and when the difficulty 
of the initial task was also varied. 

The experimental design has rele- 
vance for two recent theoretical for- 
mulations of transfer in motor per- 
formance—one by Gagné (3) and the 
other by Lewis. The Gagné theory 
of motor learning, making use of the 
concepts of stimulus and response gen- 
eralization, has had considerable suc- 
cess in predicting transfer effect. 
However, one finding which the theory 
has not handled is that transfer may 
be greater in going from a difficult to 
an easy task than from an easy to a 
difficult one (1, p. 729; 4, 10). 


Lewis’ theory.—Lewis uses five constructs to 
explain not only the acquisition of proficiency on 
complex motor tasks but also the presence of 
simultaneous positive and negative transfer 
effects. These constructs are dexterity, facili- 


1 This paper represents part of a dissertation 
submitted in 1952 to the Graduate School of the 
State University of Iowa in partial fulfillment of 
the requirements for the Ph.D. degree. The 
research was directed by Dr. Don Lewis and was 
supported in part by the United States Air Force 
under Contract No. AF 33(038)-13214, moni- 
tored by the Director of Research, Perceptual 
and Motor Skills Research Laboratory, Human 
Resources Research Center, Lackland Air Force 
Base, San Antonio, Texas. Permission is granted 
for reproduction, translation, publication, use, 
and disposal in whole and in part by or for the 
United States Government. 

2? Now with the Human Resources Research 
Office, George Washington University. 

8 This formulation is based on an unpublished 
paper by Lewis. However, earlier versions of 
Lewis’ theory (2, 8), with supporting evidence, 
are available. 
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tation, skill, interference, and inhibition. Dex- 
terity consists of the inherent ability to perceive 
or comprehend task requirements and to execute 
the kinds of movements which are necessary for 
its accomplishment. Facilitation consists of ac- 
quired tendencies to make appropriate responses 
to the underlying, general, unchanging features 
of the task. Skill consists of acquired tendencies 
to make appropriate responses to the aspects of 
the task situation which change either randomly 
or systematically in clearly identifiable ways dur- 
ing the performance period. Interference con- 
sists of acquired or innate tendencies to make 
inappropriate responses in relation to any aspect 
of the task situation. Inhibition consists of 
acquired tendencies to inhibit or suppress in 
some way irrelevant or inappropriate responses. 

Performance potential is regarded as being 
some function of all tendencies to make appro- 
priate responses or inhibit inappropriate ones 
minus some function of all tendencies to make 
inappropriate responses. When Ss practice on 
a task in the laboratory, a certain demand is 
made on their dexterity. Furthermore, past 
learning has resulted in response tendencies that 
may aid or hinder the acquisition of appropriate 
response tendencies toward the general features 
of the task. Only rarely will Ss have prelabora- 
tory training that will aid or hinder the acquisi- 
tion of appropriate responses in relation to the 
specific aspects of the task. 

When Ss are required to practice on a second 
task that is a reversal of the initial task, certain 
response tendencies appropriate to the first task 
will become inappropriate. These tendencies 
will now increase the amount of interference. 
All of the skill becomes interference. If only a 
reversal is involved, little of the facilitation and 
inhibition is converted to interference (i.e., rever- 
sal of stimulus-response relations has little effect 
on the appropriate response tendencies to the 
general features of the task or on most of the 
irrelevant responses). If changes are introduced 
in the general features of the task at the same 
time that the stimulus-response relations are 
reversed, the resulting amount of interference 
may be greater than for a reversal alone because 
of a greater loss in facilitation and inhibition. 

Thus, for Lewis, a complete reversal of stim- 
ulus-response relations alone may be less disrup- 
tive than a complete reversal plus a change in 
some of the underlying features of the task. 
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Similarly, a fractional reversal alone (reversal of 
a portion of the stimulus-response relations) may 
be less disruptive of performance than a frac- 
tional reversal plus a change in some of the 
underlying features of the task. For this to be 
so, the change in the underlying features of the 
task must be such as to result in a reduced level 
of appropriate response tendencies toward the 
general features of the task situation. The next 
section will show how changes in the stimuli 
and/or responses that increase the difficulty of 
the task are among the changes which can be 
regarded as reducing the level of appropriate 
response tendencies. 

A special assumption—The formulation by 
Lewis can incorporate the finding that transfer 
may be greater from a difficult task to an easy 
one than from an easy task to a difficult one by 
making the following assumption: The group 
that performs a more difficult task as its initial 
task acquires more facilitation and inhibition 
during this initial task than does a group per- 
forming with an easier task as its initial task. 
(The assumption is intended only for the case 
where the difficulty of the initial task is relatively 
independent of past training and largely depend- 
ent on the demands made on basic neuromuscular 
structure.) 

This assumption is a reasonable one. The Ss 
on an easy task can make maximum or near- 
maximum scores without learning, to any appre- 
ciable degree, to respond appropriately to such 
general features of the task as timing of work 
periods, general course of the target, etc., or 
without learning to inhibit such inappropriate 
tendencies as lags of attention, slowness of move- 
ment, bad posture, etc. On the other hand, 
most of the improvement displayed by Ss prac- 
ticing a difficult task may depend on learning just 
those aspects of the task. 

Thus, a group that initially practiced on a 
difficult task and is tested on a reversed form of 
the difficult task would be expected to perform 
better on the reversed task than a group that 
first practiced on an easy form of the training 
task. The skill acquired prior to the reversal 
turns into interference. But the facilitation and 
inhibition acquired prior to the reversal remain 
relatively unaffected. Thus, if the group that 
practiced the difficult form of the task through- 
out had acquired a sufficiently greater amount of 
facilitation and inhibition than the other group 
prior to the reversal, it should perform better on 
the reversed form of the difficult task than the 
group with the initially easy task. This would 
hold for either a complete or a fractional reversal. 


PROBLEM 


The purpose of this study, then, was 
to investigate: (a) the kind and 
amount of transfer in a two-hand co- 


ordination situation where the two 
tasks involved are complete reversals 
of each other (reversals of both con- 
trols) and where the change in task 
may also involve a change in the size 
of the target to alter the task diffi- 
culty; (6) the kind and amount of 
transfer in a two-hand coordination 
situation where the two tasks are frac- 
tional reversals of each other (reversal 
of one control) and where the change 
in task may also involve a change in 
the size of the target to alter the task 
difficulty. 

Three tasks were employed. Task 
A is the standard coordinator task; 
Task B is the reversed form of Task 
A; Task C has only one of the two 
controls reversed. 

The expectations were that: (a) The 
group trained with a small-sized target 
on Task A and tested with a small- 
sized target on Task B (complete re- 
versal) would perform better on Task 
B than the groups trained with either 
a medium-sized or a large-sized target 
on Task A and tested with a small- 
sized target on Task B; (6) the group 
trained with a medium-sized target on 
Task A and tested with a small-sized 
target on Task B would perform better 
on Task B than the group trained with 
a large-sized target on Task A and 
tested with a small-sized target on 
Task B; (c) the group trained with a 
small-sized target on Task A and 
tested with a small-sized target on 
Task C (fractional reversal of A) 
would perform better on Task C than 
a group trained with a large-sized tar- 
get on Task A and tested with a small- 
sized target on Task C. 


MetTHopD 


Subjects.—The Ss were 79 female volunteers 
from the introductory course in psychology. 
Eight Ss were eliminated because of experimental 
errors or mechanical malfunctions, and one S 
was eliminated because of failure to follow the 
instructions. 

Apparatus.—The Modified Two-Hand Coor- 
dinator (9) was used. The S was required to 
manipulate two handles so as to keep a small 
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button, } in. in diameter, on top of a target that 
moved in an irregular circular pattern in the 
horizontal plane at the rate of lrpm. Only the 
30-sec. period during which the target was near- 
est to S was used. The same pattern of move- 
ment was presented on every trial. 

The right-hand handle turned in the vertical 
plane which is parallel to the frontal body plane 
and moved the button toward the right or left. 
The left-hand handle turned in the vertical plane 
that is perpendicular to the frontal body plane 
and moved the button toward or away from S. 

One complete revolution of either handle 
moved the button } in. The targets were  in., 
3 in., and ¢ in. in diameter. 

Measures of both correct and incorrect re- 
sponses were available. Time on target was 
recorded to the nearest .01 sec. The amount of 
time that each control was moved so as to in- 
crease the distance between the button and the 
target (persistence of moving error) and the 
amount of time that each control was stationary 
even though the button was not on target 
(stationary error) were obtained. 

Tasks.—In Task A, the Standard Task, clock- 
wise turning of the right handle moved the but- 
ton to the right and counterclockwise turning 
moved it to the left. Clockwise turning of the 
left handle moved the button toward S, and 
counterclockwise turning moved the button 
away from S. In Task B, the Reversed Task, 
the handles had to be moved in exactly the 
opposite direction from Task A. In Task C 
movements of the button produced by the right 
handle were the same as in Task A while move- 
ments of the button produced by the left handle 
were the same as in Task B. 

Experimental design.—The Ss were divided 
into five groups of l4each. On Day 1 all groups 
practiced 25 trials of Task A. Groups S-S and 
PS-S used the }-in. or small-sized target; Group 
M-S used the }-in. or medium-sized target; 
Groups L-S and PL-S used the §-in. or large- 
sized target. 

On Day 2 all groups first had five trials on 
Task A using the same target as on Day 1. 
Groups L-S, M-S, and S-S then had 20 trials on 
Task B with the small-sized target. Groups 
PL-S and PS-S practiced 20 trials of Task C 
with the small-sized target. 

Procedure.—All Ss were given complete in- 
structions as to the nature of Task A at the 
beginning of the experiment. A warning light 
came on 5 sec. before each trial began. Trials 
were 30 sev. in length; intertrial rests were also 
30-sec. A 3-min. rest was given after every 
block of five trials. The Ss were required to 
return the button to a fixed starting point at the 
end of every trial and were on target at the 
beginning of every trial. No information as to 
recording of errors was given. 

After the first five trials of Day 2, instructions 


were given as to the nature of the alteration in 
task and attention was called to the change in 
target in the groups with a change. 


RESULTS 


No general test for initial compara- 
bility was made since the various 
groups during Task A practiced on 
different sizes of target. It was as- 
sumed that a procedure of random 
assignment of Ss to the various groups 
gave comparability. Support is pro- 
vided for this assumption by the near 
identity of the mean scores for the first 
ten trials of Task A for the two small- 
sized target groups (7.87 and 7.78 
sec.) and for the two large-sized target 
groups (22.38 and 22.40 sec.). 

Difficulty of task.—The groups were 
compared to see if difference in size of 
target yielded tasks of differing diffi- 
culty. Groups L-S and PL-S were 
combined, as were Groups S-S and 
PS-S. Because a number of Ss in the 
large-target group achieved the maxi- 
mum possible score quite early in 
practice, thus restricting the range 
and introducing skewness, the later 
trials of Task A were not suitable for 
a comparison of difficulty. For this 
reason, the measure used was the mean 
score made by each S on the first ten 
trials of Task A. 

The analysis of variance for the dif- 
ference in mean time on target during 
the first ten trials of Task A for the 
various target sizes was highly signifi- 
cant. The F obtained was 136.63 for 
2 and 67 df. The means of time on 
target for the three groups were 22.39, 
14.95, and 7.83 sec. The large target 
made the task significantly easier than 
the medium- or the small-sized target 
(p = .001); the medium-sized target 
made it significantly easier than the 
small-sized one (p = .001). Thus, 
use of different sizes of target did lead 
to tasks of differing difficulty. 

Reversal of both controls—Figure 1 
presents performance curves for 
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TRIALS ON TASK B 


Fic. 1. Mean time on target, on the trials of 
Task B for Groups L-S, M-S, and S-S 


the means of time on target for the 
trials of Task B. The general tend- 
ency is for the performance of Group 
S-S to be superior to the performance 
of Group M-S, and for the perform- 
ance of Group M-S to be superior to 
the performance of Group L-S. There 
is some overlapping of the curves and 
some irregularities in the trend. 

The trend analysis for mean time on 
target for all trials of Task B did not 
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Fic. 2. Mean time on target, in seconds, on the 
trials of Task C for Groups PL-S and PS-S 
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TABLE 1 


A Trenp ANnatysis or Time on TARGET 
pURING Task C 











Source af | dicen F 
Target size 1 | 311.49 | 6.30* 
Error (between) 26 49.48 
Stage 3 | 195.16 | 66.84** 
Stage X Size 3 3.98 1.36 
Error (within) 78 2.92 
Total 111 














* Significant at 5% level. 
** Significant at 1% level. 


indicate a significant difference among 
the groups. (See Table 1 for form of 
analysis.) The F obtained for the 
effect of target size was 1.23 for 2 and 
36 df. The interaction between size 
of target and stage of practice on the 
test task was also not significant (F 
= .24 for 6 and 117 df). The F for 
stage of practice was highly significant 
(p = .001) for this comparison and for 
all similar ones, merely indicating that 
performance on the test task improves 
with practice. The measures for each 
S were mean scores for blocks of Trials 
1-5, 6-10, 11-15, 16-20 of Task B. 

On the other hand, the F for mean 
time on target for the first trial of 
Task B for Groups L-S, M-S, and 
S-S was significant at the 1% level 
(F = 6.87 for 2 and 39 df). The 
means of time on target were 2.26, 
3.50, and 5.20 sec., respectively. 

The performance of Group S-S was 
significantly better than that of Group 
M-S (p = .05) and of Group L-S 
(p = .01). Group M-S was not sig- 
nificantly different from Group L-S. 

Total error for a given S for a given 
trial was obtained by summing right 
and left stationary errors and right 
and left movement errors. A trend 
analysis for total error for all trials of 
Task B for these three groups was not 
significant. The F obtained for the 
effect of target size was 2.77 for 2 and 
39 df. The interaction between size 
of target and stage was also not signifi- 
cant (F = .48 for6and 117 df). The 
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measures used foreach S were her mean 
total errors for blocks of Trials 1-5, 
6-10, 11-15, 16-20 of Task B. 

An analysis of variance for total 
error on the first trial of Task B for 
these three groups was also not signifi- 
cant. The F was 2.77 for 2 and 39 df. 

Reversal of both controls plus a 
change in target size yielded signifi- 
cantly worse performance than rever- 
sal of both controls without a change 
in target size, but only with respect to 
time on target during the first trial of 
reversed practice. 

Fractional reversal—Figure 2 pre- 
sents performance curves based on the 
means of time on target for Groups 
PL-S and PS-S during Task C. As 
can be seen in Table 1, a trend anal- 
ysis for mean time on target for all 
trials of Task C was significant at the 
5% level. The F for the effect of tar- 
get size was 6.30 for land 26df. The 
interaction between size and stage was 
not significant (F = 1.36 for 3 and 78 
df). As in the analysis of the groups 
with both controls reversed, the means 
of blocks of five trials were used as the 
individual measures. 
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Fic. 3. Mean total error on the trials of Task C 
for Groups PL-S and PS-S 


Figure 3 depicts the means of total 
error during Task C for Groups PL-S 
and PS-S. Again a clear difference 
between the two groups is displayed. 
The F for the effect of target size was 
4.74 for 1 and 26 df and was significant 
at the 5% level. The interaction be- 
tween size and stage was again not 
significant (F = 1.45 for 3 and 78 df). 
These measures were also means of 
blocks of five trials. 

Thus, when only one control was 
reversed, the reversal plus a change 
in target size led to significantly poorer 
performance than did reversal alone. 
The difference in performance level 
was apparent in both time on target 
and the total error scores for the 
entire 20 trials of the reversed task. 


Discussion 


In general the results supported the 
predictions that a group undergoing a 
reversal of stimulus-response relations 
plus an increase in the difficulty of the 
task would display more negative 
transfer or less positive transfer than 
a group undergoing only a reversal of 
stimulus-response relations. The rela- 
tionship, however, was much more 
pronounced for a fractional reversal 
than fora complete reversal. Although 
the performance of Group S-S was 
significantly better than the perform- 
ance of Groups M-S and L-S only 
with respect to mean time-on-target 
scores for the first trial of Task B, the 
performance of Group PS-S was sig- 
nificantly better than the performance 
of Group PL-S throughout Task C 
both in mean time on target and mean 
total error. 


This suggests that the amount of facilitation 
and inhibition indicated in the overt responses 
may not be independent of the amount of inter- 
ference present, i.e., the greater the amount of 
inter ference, the less the external indication of the 
amount of facilitation present. No provision 
for such an interaction exists in the present for- 
mulation. It has been assumed that facilitation 
and inter ference are independently measurable. 

Although the work and rest arrangements 
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used throughout the experiment were consider- 
ably more distributed than has been the arrange- 
ment in past studies with the Two-Hand Coordi- 
nator (5, 7, 9), there seems, nevertheless, to be 
some indication in the performance curves of 
Fig. 1 of the accumulation of work decrement. 
This is shown by the fact that groups performing 
at a relatively high level for a given stage of 
practice undergo quite abrupt and sizable losses 
in performance level, especially toward the end 
of a block of trials. The possible presence of 
work inhibition in this study, however, does not 
bias the result in favor of the stated expectations 
since the effect of work inhibition would be to 
make Group S-S (and Group PS-S) less superior 
to the other groups than would be the case if no 
work decrement were present. 

These results do not necessarily invalidate 
Gagné’s general approach to the problem of 
transfer in motor learning. They do point to 
the need for the inclusion of a concept of task 
difficulty in his present theoretical structure for 
situations involving reversal of stimulus-response 
relations as well as for situations that do not 
involve such reversals. 

Moreover, the necessity still remains for a 
fuller recognition of the experimental fact that 
is the cornerstone of Lewis’ formulation; namely, 
that both negative and positive transfer effects 
can and often do appear simultaneously. For 
example, although mean time on target usually 
increases from the first trial of the original task 
to the first trial of a transfer task, the mean 
errors likewise increase. 


SUMMARY 


The purpose of the study was to compare the 
amount of transfer between motor tasks that 
were reversals of each other when the relative 
difficulty of the initial task was manipulated by 
changing the size of the target. 

Five groups of 14 female college students 
served as Ss. During the initial task on the 
Two-Hand Coordinator, two of the groups prac- 
ticed with a large-sized (§ in.) target, two groups 
practiced with a small-sized (} in.) target, and 
one group practiced with a medium-sized (# in.) 
target. After 30 trials of initial practice both 
controls were reversed (Task B) for a large-, 
medium-, and small-sized target group, and one 
control was reversed (Task C) for a large- and 
small-sized target group. All groups practiced 
with the small-sized (} in.) target on the transfer 
tasks. 

Use of different target sizes during initial prac- 
tice led to tasks of differing difficulty. On the 
first trial of Task B, the group that had the small 
target on Task A was significantly superior to 
the group that had larger targets on Task A. 
Similarly, for the entire 20 trials of Task C, the 
group that had the small target on Task A was 


significantly superior to the group that had the 
large target. 

The results warrant the following conclusion: 
As much or greater transfer is obtained between 
motor tasks that are stimulus-response reversals 
of each other than between motor tasks that are 
not only reversals of each other but also differ 
in difficulty, with the initial task being easier 
than the final task. This was true for a complete 
reversal as well as for a fractional reversal of 
stimulus-response relations. 


REFERENCES 


1. Baxer, K. E., Wyuie, R. C., & Gacné, 
R. M. Transfer of training to a motor 
skill as a function of variation in rate of 
response. J. exp. Psychol., 1950, 40, 
721-732. 

2. Dusex, R. Facilitation and interference in 
the performance of simplified tasks on the 
modified Mashburn apparatus. Unpub- 
lished Ph.D. thesis, State Univer. of Iowa, 
1951. 

3. Gacné, R. M., Baxer, K. E., & Foster, H. 
On the relation between similarity and 
transfer of training in the learning of dis- 
criminative motor tasks. Psychol. Rev., 
1950, 57, 67-79. 

4. Grips, C. B. Transfer of training and skill 
assumptions in tracking tasks. Quart. J. 
exp. Psychol., 1951, 3, 99-110. 

5. Lewis, D., Smrrn, P. N., & McA.uister, 
D.E. Retroactive facilitation and inter- 
ference in performance on the Modified 
Two-hand Coordinator. J. exp. Psychol., 
1952, 44, 44-50. 

6. Linpquist, E. F. Design and analysis of 
experiments in psychology and education. 
Boston: Houghton Mifflin, 1953. 

7. McAuuster, D. E. Retroactive facilita- 
tion and interference as a function of level 
of learning. Amer. J. Psychol., 1952, 65, 
218-232. 

8. McFann, H. A study of the effects of 
response alteration and different instruc- 
tions on proactive and retroactive facili- 
tation and interference. Unpublished 
Ph.D. thesis, State Univer. of Iowa, 1952. 

9. SHepnarp, A. H., & Lewis, D. Devices for 
studying associative interference in psy- 
chomotor performance: II. The Modified 
Two-Hand Coordinator. J. Psychol., 
1950, 29, 53-66. 

10. Air Training Command Human Resources 
Research Center, Perceptual and Motor 
Skills Laboratory. Learning and transfer 
of training in two forms of rudder control 
tasks. Research Note Lab. 50-1, Febru- 
ary, 1950. 


(Received November 8, 1952) 





wens we 


— 











Journal of Experimental Psychology 
Vol 46, No. 1, 1953 


ACQUISITION OF TWO LEVER-POSITIONING RESPONSES 
PRACTICED OVER SEVERAL PERIODS 
OF ALTERNATION! 


EDWARD A. BILODEAU 
Perceptual and Motor Skills Research Laboratory, Human Resources Research Center 


In psychomotor tasks S must receive 
some kind of knowledge of results in 
order to reduce his response error. 
The knowledge of results provided is 
often some measure of the difference 
between the response required and the 
response performed. In a simple situ- 
ation requiring a single response of 
given amplitude, on the basis of the 
magnitude and direction of error sig- 
naled for the preceding response, S is 
able to adjust his next response to 
reduce the error. Over successive 
trials, response strength is built up, S 
responds with considerable accuracy, 
and receives signals of slight error. 

Relatively uninvestigated, however, 
is the task situation where over succes- 
sive blocks of trials two responses are 
required alternately, that is Ry, Ro, 
R,, R:, etc., where the particular 
response required at any moment is 
cued (signaled to S) by means of the 
response error associated with the im- 
mediately preceding trial. In such a 
case the error magnitude is determined 
by whether R; or R2 was appropriate. 
If S assumes that the error is appro- 
priate to R,, but response R; is actu- 
ally the reference, then S has confused 
the meaning of the error signal. What 
S attributes as an error deviation from 
R, is an error deviation from Rz. If 
S, nevertheless, next corrects the 


1The experimental work for this study was 
performed as part of the United States Air Force 
Human Resources Research and Development 
Program. The opinions or conclusions contained 
in this report are those of the author. They are 
not to be construed as necessarily reflecting the 
views or indorsement of the Department of the 
Air Force. 
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response in accord with the signal of 
previous error, his responses will show 
a pattern of alternation. Were S, 
moreover, to respond imperfectly (a 
motor error), the confusion between the 
selection of the appropriate response 
(R, or R:) and inaccuracy of respond- 
ing would become compounded. In 
other words, it may be difficult for S 
to show proper response alternation 
when the error cue represents a com- 
bination of alternate reference and 
previous response error. This situa- 
tion is no doubt made more difficult 
by decreasing the number of trials 
constituting a block during which 
either response R, or Rg is correct. 
When one response is correct for many 
trials, S can assess directly the error 
attributable to the last response and 
can be more certain which of the two 
responses is appropriate. Were S 
required to respond with a single-trial 
alternation pattern, the task would 
become very difficult. 

The alternation of required responses 
as indicated above is related to Lewis’ 
studies of retroactive inhibition where 
a second task is interpolated between 
single test and retest periods (3). In 
that repeated alternations are re- 
quired, it is similar to that of Harlow’s 
learning-set paradigm where Ss have 
been found learning to learn (2). 
Typically, however, Harlow’s proced- 
ure, as opposed to the present tech- 
nique, never repeats the same problem 
and always equates successive prob- 
lems for difficulty. The learning-set 
results have shown that later problems 
are mastered more quickly than the 
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earlier. For the problems used by 
Harlow, however, no response error 
complicates the cue received by S. 
There is no degree of incorrectness; 
for example, either alternative one or 
two is correct. A failure to receive 
the goal means the remaining alterna- 
tive is (or was) proper. 

The research questions (transfer, 
positive or negative) associated with 
what happens to responses as a func- 
tion of the number of previous shifts 
in required responses can be readily 
extended to human motor skills by 
regulating Ss’ responses through direct 
experimental control (variation) of 
informative feedback. Previous mo- 
tor-skills research with successive 
alternation schedules has suggested 
no improvement in the skill level of 
either of two responses as a function 
of number of previous shifts (1). Ac- 
tually, the present experiment is the 
second attempting to relate the acqui- 
sition of two or more habits learned in 
alternation to controlled variations of 
informative feedback. The purposes 
of the present study are to check the 
reliability of the previous results and 
to investigate alternation behavior 
where the number of trials per alter- 
nation block is the variable. 


MetTHOD 


Subjects.—A total of 246 basic trainee airmen 
at Lackland Air Force Base without previous 
experience with the apparatus were used as Ss. 

Apparatus—A schematic side view of the 
apparatus is given in Fig. 1. The stimulus panel 
is shown at the left—a vertical bank of 44 }-in. 
red jeweled lamps. These lamps can be arbi- 
trarily designated as 1 through 44 with No. 1 at 
the base of the column. A second column of 44 
green lamps parallel to the first served as the 
response bank. 

The response lever is also depicted in Fig. 1. 
The lever was so arranged that when grasped by 
means of the rubber handle at the top, it could be 
rotated through a total arc of 42°. The S sat 
in a chair before the apparatus in such a position 
that his hand could be placed upon the lever 
handle when his arm was nearly fully extended. 























Fic. 1. Schematic drawing of side view of 
the apparatus. The stimulus panel is shown on 
the left side and the response lever is located 
beneath the shelf. S is seated such that the 
shelf obscures the lever. The farther the lever 
is pulled away from the forward position, the 
higher a light will appear in a vertical bank of 
green jewel lamps. 


A wooden shelf at high chest level prevented S 
from viewing any position of the lever. 

Procedure-—The S was required to position 
the lever in order to obtain a match of two lights 
upon the panel. He was told that pulling the 
lever back towards the body would “‘move” the 
response light up the bank of green lamps. (A 
lamp which is lighted will be referred to as a 
light.) A fixed red light (No. 26 of the stimulus 
bank) was pointed out, and S was instructed to 
pull the lever back to the point where he thought 
this light would be matched. The response light, 
however, was to appear 3 sec. after the comple- 
tion of the response. Any discrepancy between 
response light and stimulus light (the error) could 
be used to reduce the magnitude of error on the 
subsequent trial. The Ss were never told, how- 
ever, that at times one lever setting would 
achieve the match and that at other times a 
different placement was required to achieve the 
same match. Throughout the experiment the 
same stimulus lamp remained lighted, and the 
response lever was automatically repositioned in 
the forward position at the beginning of each 
trial. Between responses S’s arm remained at 
his side. 

Experimental design——The Ss were assigned 
unsystematically into five experimental groups 
and one control group of 41 Ss each. They were 
run one at a time and the groups were run in a 
simple counterbalanced order. A total of 48 
trials (one response per trial) was administered 
to all Ss. The trial cycle was 20 sec., 5 sec. of 
which was used for a ready interval, 4 or 5 sec. 
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for the response, 3 sec. for the delay in informa- 
tion, and the remaining seconds for S’s evaluation 
of the response information provided. 

For the experimental groups the constant +4 
was added to the true setting and this total was 
reported on the trials of alternate blocks. The 
experimental groups differed solely in the number 
of trials constituting these blocks, i.e., either 1, 
2, 4, 6, or 8 trials for the block definition. For 
example, Group 8 was given its first eight trials 
with true information, then a second block of 
eight trials during which the true settings were 
modified by adding the constant +42 The 
blocks of trials during which the information 
was unmodified are called “U” periods; blocks of 
trials during which information was modified are 
called “M” periods. The control group (0) was 
given U periods throughout; informative feed- 
back was never modified in any way during the 
48 trials. 

Scoring.—The response lamp corresponding 
to the true lever position was the score recorded. 
Thus, Response 26 means that the lever was 
pulled to the position corresponding to Lamp 26. 
During U periods the response measure is iden- 
tical with the reported score, but during M 
periods the response measure differs from the 
reported score. The significance of the conver- 
sion of true setting to reported setting can be 
illustrated by means of a hypothetical S. If S 
has responded with 26 during a U period, he has 
achieved a match, Lamp 26 is lighted, and 26 is 
recorded. In other words, he has achieved the 
goal. But if S next responds with 26 during an 
M period, Response Lamp 26+ 4 or 30 is 
lighted while 26 is recorded. Assuming that S 
then realizes that he is four units too high and 
that this discrepancy can be corrected, the next 
response would be to pull the lever less far and 
to the lever position corresponding to Lamp 22. 
Provided the trial is an M, a match is reported to 
S by lighting Lamp 26, and Response 22 is 
recorded by E. Therefore, the requirements for 
all experimental groups were that they respond 
with 26 during U periods but with 22 during M 
periods. 


2 The design called for an equal number of 
responses within each period. Thus, for example, 
Group 8 should have eight responses within each 
of six periods (8 X 6 = 48). Unfortunately, 
because of a misunderstanding, the experiment 
was completed so that the first period of each 
group contained one response more than called 
for and each final period, one less. Thus, the 
responses of Group 8 are grouped 9-8-8-8-8-7, and 
the responses of the remaining groups are simi- 
larly arranged. This state of affairs is reflected 
in the figures which follow. 


REsuLTs AND Discussion 


The treatment of data consisted in 
calculating the average response and 
SD on each of the 48 trials for each of 
the six groups.* The trial-by-trial 
means are presented in Fig. 2. The 
figure has been constructed by plotting 
the groups over the same abscissa, but 
each group has its own ordinate, and a 
dashed horizontal line has been drawn 
opposite Response Lamp 26, the opti- 
mal response during U or odd-num- 
bered periods. 

The means of Group 0 show quite 
clearly that learning to position the 
lever to 26 is an easy task. Though 
the variability from trial to trial should 
be noted, the means of Group 0 do 
not differ materially from 26 and vari- 
ous consecutive points show consis- 
tency of response. 

The interpretation of the results can 
be facilitated by using the means of 
Group 8 as an example. It will be 
recalled that the first eight responses 
for Group 8 were followed by infor- 
mation appropriate to strengthening 
Response 26. This meant, however, 
that nine U responses were appropri- 
ate. Thus, the first nine responses are 
shown connected, and subsequent 
responses are grouped according to U 
or M. Group 8 shows quite graphi- 
cally that when 26 is appropriate, the 
responses tend to be clustered about 
or tend towards 26, but that when 22 
is required, there is a trend towards 22. 
Thus, the trend of the means is 
entirely consistent with the changes in 
information. There is no tendency 
for Ss to be progressively more success- 
ful in reaching the appropriate re- 
sponse (26 or 22) as a function of the 
number of previous shifts in required 
response. 


# An inspection of the SD’s showed group vari- 
ability to decrease with successive trials. The 
measures gave no reason to suspect real between- 
group differences. 
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Fic. 2. Mean response is plotted as a function of successive practice trials for each group. 
Each group is plotted over the same abscissa, but with different ordinate. The dashed horizontal 
line represents optimal responding during odd-numbered periods (U), except for Group 0, where it 


represents optimal responding for all periods. 


The same basic interpretation is ap- 
plicable to Groups 6, 4, and 2. That 
is, whenever Response 26 is appropri- 
ate, the means in Fig. 2 trend in that 
direction, but whenever 22 is the cor- 
rect response, the means trend toward 
22. Also, for all these groups there is 


no greater tendency to be more correct 
in mean response during terminal 
blocks than during initial blocks. As 
a matter of fact, if the terminal trials 
of successive blocks are considered, 
Groups 6, 4, and 2 appear to be getting 
progressively worse and a compromise 
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solution is suggested. That is, rela- 
tively late in practice Response 24, 
midway between 26 and 22, appears to 
be the approximate mean value for 
either U or M blocks. This indicates 
that response resolution consists, pro- 
gressively, in responding on each prac- 
tice trial midway between the two 
required alternatives regardless of the 
response which the information of the 
previous trial implies. Examination 
of the response distributions shows 
them to be unimodal, thus preclud- 
ing the possibility that the compro- 
mise phenomenon is an artifact of 
averaging. 

If the analysis of alternating and 
compromising above is valid, Group 1, 
which is given single alternation of 
information, might be expected (a) to 
alternate responses such that alternate 
responses approach either 26 or 22 and 
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(b) to trend toward 24. Indeed, most 
of the means of Group 1 show the 
single alternation pattern although 
there are four or five segments where 
the alternation pattern is broken. It 
is quite clear, however, that there is a 
drift away from Response 26 and, pro- 
gressively and consistently, toward 
Response 24; evidently this group, 
too, had effected a unique solution— 
one which is midway between the 
two alternatives. Associated with the 
compromise response should be a 
tendency for a decrease in magnitude 
of response alternation. This could 
be called a damping phenomenon. 
Damping is not inappropriate for to 
the extent that Group 1 alternates its 
responses, as in Fig. 2, any given 
response is in opposition to the infor- 
mation associated with that trial. 
Accuracy at lever settings during 
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Fic. 3. Mean response for the terminal trial of each U or M period is plotted against trial 
number. The upper set of four curves represents performance when Response 26 is appropriate 
(U); the bottom four curves represent performance when Response 22 is appropriate (M). 
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the terminal trial of successive U or M 
periods is represented by the means of 
Fig. 3. The upper set of curves repre- 
sents four of the experimental groups 
in the last trial of successive U periods, 
whereas the bottom set of curves rep- 
resents mean terminal response over 
successive M periods for the same four 
groups. Because the former lines 
tend to have a negative slope, the 
groups, over successive U periods, 
were progressively less proficient at 
approximating Response 26. The 
magnitude of response over successive 
M periods, however, tends to increase 
or to show the opposite slope. What 
is indicated is that these groups are 
becoming less proficient over succes- 
sive M periods at responding with 22. 
The interpretation of both groupings 
of data appears to be consistent with 
the hypothesis that all groups are 
drifting towards a compromise and 
that this compromise is a response 
midway between those which are 
required during alternate periods. 
The patterning of the groups of Fig. 3 
shows that the fewer the trials defin- 
ing a period, the faster the responses 
approach the compromise. 

To lead to a definite conclusion the 
analysis just presented should be based 
on greater numbers of U and M peri- 
ods ; further study where greater num- 
bers of U’s and M’s are used is needed 
to verify the suggestion of a compro- 
mise for all groups. 

As in the earlier study (1), the data 
as a whole have shown that the Ss did 
not take maximum advantage of the 
information provided, and only, in 
general, showed response trends which 
were consonant with the significance 
of the information. Further, it was 
indicated that when the information 
provided was of a relatively difficult 
nature, the Ss tended, progressively, 
to approach faster a compromise be- 
tween the two required responses, 
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rather than to learn progressively to 
make better use of the information. 
The trend of the means toward 
Response 24, midway between the two 
responses required during alternate 
periods, regardless of the specific 
period obtaining, has been called a 
compromise solution. It is a compro- 
mise in the sense that such a mode of 
attack results in (a) a manifest devi- 
ation from a perfect response on each 
trial and (b) a deviation which is 
smaller than the deviation resulting 
from the selection of the wrong alter- 
native. Compromising in this fashion 
is most reasonable for groups where 
the alternation period is short, for it 
is here that the cue-response system 
is most complex and the probability of 
error greatest. The greater task com- 
plexity for the single alternation group, 
for example, can be illustrated in the 
following way: To simplify matters for 
exposition, assume at the outset that 
any S responds to his cue such that he 
can on the subsequent response correct 
for the previous error—provided the 
external system is not changed. Sup- 
pose that on Trial 1 S responds with 
28, 28 is reported, and that on Trial 2 
he responds with 26. However, 26 is 
not reported since this is a trial for 
which the constant +4 is added. 
Thus, 30 is reported. S, assuming 
that he is four positions too high, 
decreases the Trial 3 response by four, 
i.e., 26 — 4 = 22, but this response is 
reported as 22 + 0 = 22 and he, in a 
sense, expected 26. S next adds four 
positions to his (Trial 4) response, i.e., 
22 + 4 = 26. Since Trial 4 is an M 
trial, once again a signal of deviation 
of four positions from matching is 
given. If S were to continue respond- 
ing in this manner, each response would 
result in a four-position deviation from 
matching. To obtain 100% matches 
requires 26’s on odd-numbered trials 
and 22’s on even-numbered trials. 
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But, if S responds on the basis of an 
evaluation of the signals of the previ- 
ous trial, no matches can be obtained. 
Rather, the important cue is within 
Trial N-1, where N represents the pre- 
vious trial. The response alternation 
of Group 1 showed rather clearly that 
responding was not cued by Trial N-1l, 
but by Trial N. Such response alter- 
nation is always followed by reports 
of relatively large errors of responding. 
Thus, this may act as an extinction 
series, inasmuch as all response 22’s 
and 26’s cued by Trial N are in gross 
error. If, as a consequence, these two 
responses are avoided (damped), then 
the response midway between them 
comes to be more dominant. 


SUMMARY AND CONCLUSIONS 


A number of Ss practiced position- 
ing a lever in order to obtain a match 
on a visual display panel. During 
odd-numbered blocks of trials one par- 
ticular setting of the lever achieved 
the match, whereas during even- 
numbered blocks another setting of 
the lever achieved the same match. 
The Ss were never instructed about 
this state of affairs, but had to deter- 
mine their course of action from infor- 
mation (discrepancy from match) 
supplied from the display panel. The 
groups differed solely in the number of 
trials constituting a block. 

The data confirmed the conclusions 
of a previous investigation with 
respect to trends in response accuracy 
within and between successive infor- 
mation periods. 

From the present experiment it is 


possible to conclude that regardless of 
the number of trials constituting a 
block or the number of previous shifts 
in required settings, accuracy of 
responding over successive periods 
failed to improve. Actually, some of 
the means for the first trial on which a 
shift in response setting was appro- 
priate showed increasing departure 
from the proper setting with succes- 
sive shifts, a phenomenon similar to 
interference. 

More important was the finding of a 
progressive damping of response alter- 
nation such that S shifted toward a 
compromise response midway between 
the two required. Such a response 
assured S of some amount of error on 
each trial, but an error not as large as 
if the wrong response were selected. 
The compromise solution was more 
strongly and more quickly shown by 
the groups with the fewest trials per 
alternation period. The problem con- 
fronting the Ss of these groups is 
undoubtedly more difficult than were 
the periods of longer duration. 
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SOME EFFECTS OF MANIFEST ANXIETY ON MENTAL SET?! 


IRVING MALTZMAN, JACK FOX, AND LLOYD MORRISETT, JR. 
University of California at Los Angeles 


In a previous paper Maltzman and 
Morrisett (4) outlined a behavioristic 
account of directed thinking. It was 
assumed that the principles operating 
in discrimination and selective learn- 
ing are largely responsible for the 
direction of thinking. It was further 
assumed that the aspect of directed 
thinking commonly called “mental 
set” is descriptive of the effects of the 
acquisition of a differential amount of 
habit strength by a particular class of 
stimuli for the elicitation of a partic- 
ular class of responses. It involves a 
change in both the initial response and 
stimulus hierarchies. Another study 
by Maltzman and Morrisett (5) has 
shown that the direction of thinking 
can be influenced by factors other than 
habit strength. The experiments re- 
ported here are a further study of the 
effects of nonassociative factors on the 
direction of thinking. In the present 
case the effects are those of manifest 
anxiety. 

Effective reaction potential, hence 
the direction of thinking, is a multipli- 
cative function of habit strength, 
effective drive state, and other vari- 
ables. The effective drive state is a 
function of the needs present in the 
organism at a given moment. Rele- 
vant needs that are reduced by the 
acts under investigation and irrelevant 
needs that are not so reduced may 
contribute to the effective drive state. 
An increase in reaction potential may 
therefore occur following an increase 
in habit strength with drive and other 
known variables constant, or following 

1 This study was aided by a grant from the 


Committee on Research, Graduate Council, 
University of California. 


an increase in drive with habit strength 
constant. 


The results of a recent experiment by Cowen 
(1) in which increased mental set was obtained 
with the introduction of stress may be accounted 
for in terms of the above theory. This investi- 
gator found that the introduction of various 
kinds of stress increased the number of set solu- 
tions in Luchins’ water-jar problems. Training 
was with three jars in which the quantity to be 
obtained could be discovered by application of 
the principle B-A-2C. Crucial problems then 
followed that were solvable by the above indirect 
method or a more direct method such as A-C. 
An extinction problem presented could be solved 
only by the direct method. It was found that 
the introduction of stress increased the number 
of indirect solutions to the crucial problems 
and tended to make the extinction problem 
unsolvable. 

According to the present account the experi- 
mental stress induced an irrelevant need. which 
produced increments in the effective drive state 
multiplying all habits present at the moment. 
A greater absolute increase in the effective reac- 
tion potential of the dominant class of responses 
would therefore result. In the above experi- 
ment the dominant class of responses produced 
the indirect method of solution. An increased 
effective drive state therefore produced a further 
increase in the tendency for this method of solu- 
tion tooccur. However, if the dominant class of 
responses in a problem-solving situation pro- 
duced a correct or a direct solution, an increase in 
irrelevant need would produce an increase in 
these solutions, within limits. 


Employing the water-jar problem 
and anagrams as the problem materi- 
als, and manifest anxiety as the irrel- 
evant need, the two experiments 
reported here test the following impli- 
cations of behavior theory for the phe- 
nomena described as directed thinking. 
(a) If the dominant “‘set” is congruent 
with an indirect and incorrect solu- 
tion, there will be an inverse relation- 
ship between strength of anxiety and 
number of direct and correct solutions 
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in the water-jar problem situation. 
(b) If the dominant “‘set”’ is congruent 
with the correct solutions to a class of 
anagrams, fewer errors will occur 
under high than under low anxiety. 


MetTHOoD 
Experiment I 


Subjects.—Sixty student volunteers from 
undergraduate psychology classes were tested 
individually with the water-jar problem. An 
anxiety scale was administered to 48 of these Ss 
as a group during their regular class period. 
The data to be presented were obtained from the 
48 Ss that received the water-jar problem and the 
anxiety scale. The restricted N was due to 
absences from the class. 

Procedure.—Ten water-jar problems were pre- 
sented to each S. The first five training prob- 
lems were all solvable by the indirect method. 
The next two problems could be solved either by 
the indirect method or a direct method. The 
eighth or extinction problem could be solved 
only by the direct method. The last two prob- 
lems were similar to problems six and seven in 
that they could be solved either by the indirect 
or the direct method. An interval of 2.5 min. 
was permitted foreach problem. Incorrect solu- 
tions were not corrected and the correct solution 
was not given if S failed to solve a problem within 
the allotted time. 

Each S received two practice problems before 
the start of the experiment. The first involved 
only two jars, while the second problem involved 
three jars and was solvable by the indirect 
method. The problems and general procedure 
were obtained from Luchins’ original study (3). 

Approximately one month after completion 
of the mental-set experiment the anxiety scale 
developed in the psychological laboratories of the 
State University of Iowa (6, 8, 9) was adminis- 
tered to the psychology classes from which the 
volunteers had been obtained. It was presented 
as a preliminary personality inventory. There 
was no indication that it was related in any way 
to the mental-set experiment. 


Experiment II 


Subjects —Forty student volunteers from an 
introductory psychology class were tested indi- 
vidually in the set experiment. Thirty-six of 
these Ss received the anxiety scale in a group 
administration to the class from which they had 
previously been obtained. The class from which 
these Ss were obtained was not involved in 
Exp. I. The data to be presented were from 


these 36 Ss. The restricted N was due to 
absences from the class. 

Procedure.—Five-letter anagrams typed in 
lower case on white 3 X 5-in. index cards were 
used as the problems. The anagrams employed 
may be found in an earlier article by Maltzman 
and Morrisett (4). 

Three different classes of anagrams were used: 
eating-set, nature-set, and neutral anagrams. 
Most of the eating- and nature-set anagrams had 
only one possible solution, a word referring to 
some aspect of nature or eating; for example, 
“tulip” and “cakes.” In the few cases where 
alternative solutions could be found, the alter- 
native was a member of the same class of 
responses. 

The Ss in the set phase of the experiment were 
randomly assigned to two different groups. Half 
of the Ss, designated the strong habit-strength 
group, received 15 eating- and 15 nature-set 
anagrams in a prearranged order. The remain- 
ing Ss, in the weak habit-strength group, received 
26 neutral anagrams followed by two eating- and 
two nature-set anagrams in an ABBA order. 
These four anagrams were selected at random for 
each S from those used with the strong habit- 
strength group. A test series of ten anagrams 
followed immediately after the training series. 
Half of the Ss within each group were tested with 
eating-set anagrams while half received nature- 
set anagrams. 

A 2-min. time limit was permitted for each 
anagram during the training and test series. If 
S did not attempt a solution within this interval 
or gave an incorrect solution, the correct solution 
was given by E. The instructions given to Ss 
have been described elsewhere (4). 


RESULTS 


In Exp. I the anxiety scores ob- 
tained from the 48 Ss that received 
the water-jar problems ranged from 
0 to 38. The median was 16.0, mean 
= 17.5, SD = 8.5. Using the same 
form of the anxiety scale Spence and 
Taylor (6) obtained scores ranging 
from 0 to 41. Since there was no 
obvious selective factor present owing 
to the failure to administer the anxiety 
scale to all experimental Ss in the two 
experiments reported here, the distri- 
butions obtained were probably not 
unduly biased. 

A tau rank-order correlation coeffi- 
cient (10) of —.27 was obtained be- 
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TABLE 1 
Experiment I: Anxiety Scores AND Direct So.utions 1n Prosiems 6-10 
Anxiety Direct Solutions 
Condition 
|| Mean Median SD Range Mean Median SD Range 
High anxiety 24.1 23.0 7.0 16-38 1.6 2.0 1.3 O-+ 
Low anxiety 11.0 12.0 4.3 0-16 yh 3.0 1.9 0-5 





























tween the scores on the anxiety scale 
and the number of direct solutions on 
Problems 6-10. This is significantly 
different from zero at the .01 level of 
confidence. The 48 Ss that had taken 
the anxiety scale and had received the 
water-jar problem were divided into 
high- and low-anxiety drive groups. 
The 24 Ss with a median score or 
higher formed the high-anxiety group. 
The 24 Ss with a median score or 
lower formed the low-anxiety group. 
There were three scores at the median 
which were randomly assigned to the 
high and low conditions. The mean 
and median anxiety scores and direct 
solutions of the high- and low-anxiety 
groups on Problems 6-10 are presented 
in Table 1. A comparison of the num- 
ber of direct solutions obtained on 
Problems 6-10 by Ss scoring in the 
upper and lower halves of the anxiety 
distribution gave a t of 2.42, df = 46, 
which is significant at the .02 level of 
confidence. 

A chi-square test of independence 
was employed to determine whether 
Problem 8, the extinction problem 
that could be solved only by a direct 
solution, differentiated between Ss in 


the upper and lower halves of the 
anxiety distribution. Of the 24 Ss 
with high-anxiety scores 11 solved 
Problem 8 correctly with a direct solu- 
tion. Of the 24 Ss with low-anxiety 
scores 17 solved Problem 8 correctly. 
A chi square of 2.14 corrected for con- 
tinuity was obtained which is not 
significant (p = .16). 

In Exp. II the anxiety scores ob- 
tained from the 36 Ss that received 
the anagram problems ranged from 
4 to 34. The median was 16.5, mean 
= 16.2, SD = 7.5. There were 18 Ss 
in the high habit-strength group and 
an equal number in the low habit- 
strength group for which anxiety 
scores were available. The effects of 
the different initial habit strengths 
were reported in a previous paper (4). 

Within each of the two _ habit- 
strength groups the Ss were divided 
into high- and low-anxiety groups. 
The Ss obtaining the nine lowest anxi- 
ety scores in each of the two habit- 
strength groups formed the low-anxi- 
ety groups and the Ss obtaining the 
nine highest scores formed the high- 
anxiety groups. Performance with 
the anagrams was scored in terms of 














TABLE 2 
Experment II: Anxrety Scores AND Errors 1n ANAGRAM TEST SERIES 
Anxiety Errors 
Condition 
Mean Median | SD Range Mean Median SD Range 
High Anxiety 22.5 22.0 4.3 16-34 1.4 1.0 84 0-3 
Low Anxiety 9.8 9.5 3.6 4-17 2.7 2.5 1.7 0-5 
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errors on the ten anagram problems 
presented in the test series. Since the 
test anagrams had only one possible 
solution, any response other than the 
solution or the failure to give a 
response within 2 min. was scored as 
an error. 

Since the error distributions were 
skewed and the variances were hetero- 
geneous, a conventional factorial anal- 
ysis of variance was not conducted. 
The x*r test was employed instead 
(10). The high-anxiety groups made 
significantly fewer errors than the low- 
anxiety groups: x*r = 4.5, p = .04. 
The effects of habit strength and the 
interaction between anxiety and habit 
strength were not significant. The 
mean anxiety scores and errors ob- 
tained by the high- and low-anxiety 
groups are shown in Table 2. 


Discussion 


The experiments reported here were 
concerned with some implications of 
Hull’s assumption of a multiplicative 
relationship between habit strength 
and effective drive state for mental- 
set phenomena. 

In Exp. I the dominant habit struc- 
ture was acquired by responses con- 
gruent with indirect solutions. These 
responses were dominant in the hier- 
archy of alternative-solution responses, 
since they were the correct, reinforced, 
solutions for the first five problems. 
The indirect solutions would therefore 
tend to occur in Problems 6-10 where 
alternative direct solutions were pos- 
sible or necessary for a correct solu- 
tion. It is assumed here that an in- 
crease in the irrelevant need for 
anxiety resulted in a heightened drive 
state multiplying the habit strengths 
of the different classes of problem- 
solving responses. Assuming that the 
growth of habit strength is independ- 
ent of the strength of the effective 


drive state (7), an increase in drive 
state would produce a greater absolute 
increase in effective reaction potential 
for the dominant class of responses, 
leading to an indirect or an incorrect 
solution. The significant negative 
correlation and ¢ ratio obtained indi- 
cate that the greater the irrelevant 
anxiety need as indicated by the score 
on the scale employed, the less fre- 
quent the occurrence of an alternative 
direct solution. The difference in 
errors between the high- and low- 
anxiety groups on the extinction prob- 
lem was not significant although in the 
predicated direction. The absence of 
a significant difference here may have 
been due to the failure to obtain a 
great enough differentiation in anxiety 
between the high- and low-anxiety 
groups. 

In Exp. II Ss were trained with an 
equal number of nature and eating 
anagrams employing correction for 
errors. It is therefore assumed that 
the habit strength of these two classes 
of response solutions was approxi- 
mately equal for each S at the conclu- 
sion of training. During the test 
series only one class of anagrams was 
presented to an S. Each anagram 
had only one possible solution. The 
occurrence of a correct solution for a 
given anagram would now be a func- 
tion of the difference in strength of the 
reaction potential for the eating and 
nature classes of responses only one of 
which was correct. Other things being 
equal the difference between the reac- 
tion potentials of the correct and 
incorrect responses would be greater 
in the high-anxiety condition than in 
the low-anxiety condition. This is a 
consequence of the greater effective 
drive state in the former condition 
which would multiply the habit 
strengths for the correct and incorrect 
classes of responses. The significant 
difference obtained between the two 
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anxiety groups supports this implica- 
tion of behavior theory. 

Thus within the limits of the pres- 
ent studies an increase in manifest 
anxiety may produce an increase in 
indirect solutions and errors (Exp. I) 
or a decrease in errors (Exp. II) de- 
pending upon whether or not the 
dominant habit structure (mental set) 
is congruent with the class of correct 
solutions to a given class of problems. 

The results of the present experi- 
ments are in accord with the ver- 
bal learning studies of Lucas (2) and 
Taylor and Spence (9). These studies 
were concerned with the influence 
of anxiety upon individual verbal 
responses while the present studies in- 
vestigated the effects of anxiety upon 
classes of verbal responses elicited by 
classes of stimuli. The present studies 
further indicate that drive may influ- 
ence the direction of thinking in accord 
with implications of Hull’s behavior 
theory. 


SUMMARY 


Some implications of Hull’s assump- 
tion that irrelevant needs contribute 
to the effective drive state multiplying 
the habit strengths present were inves- 
tigated. Two different problem-solv- 
ing situations involving the establish- 
ment of mental sets were employed 
for this purpose. The water-jar prob- 
lem was used in the first study to 
establish a set for a particular method 
of solution. It was found that the 
tendency to shift to a more direct 
method of solution was inversely 
related to the level of anxiety as deter- 
mined by the scale employed. 

In the second study anagrams hav- 
ing solutions referring either to some 


aspect of nature or eating were used to 
establish mental sets. During train- 
ing Ss received an equal number of 
trials with eating- and nature-set ana- 
grams. They were then presented 
with only one of these categories in the 
test series. Ss with high anxiety com- 
mitted significantly fewer errors than 
Ss with low anxiety. 
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ANXIETY, ANXIETY REDUCTION, AND STRESS 
IN LEARNING! 


JAMES DEESE, RICHARD S. LAZARUS, AND JAMES KEENAN 
The Johns Hopkins University 


This study is one in a series of experi- 
ments aimed at an analysis of the 
effects of stress upon performance. 
Previous studies have met with little 
success in analyzing individual differ- 
ences in the effects of stress (2). In 
spite of the negative results obtained 
thus far, there is reason to believe that 
differences between individuals consti- 
tute the most important variable in 
the area of stress. We have also 
pointed out elsewhere (2) that some 
kind of interaction must exist between 
the type of stress and these individual 
differences. 

Recently, a series of papers dealing 
with anxiety, learning, and avoidance 
conditioning suggested a possible lead 
in the study of individual differences 
and their interaction with type of 
stress. In the first of these studies, 
Taylor (6) selected two groups of Ss 
on the basis of a personality question- 
naire which was presumed to measure 
“anxiety.” She compared the rate of 
acquisition of a conditioned eyelid 
response in these two groups which she 
labeled “high anxiety” and “low 
anxiety,” respectively. The “high 
anxiety” group conditioned much 
more rapidly than did the “low anxi- 
ety” group. A subsequent study (5) 
showed the same effect irrespective of 
the strength of the UCS. These data 


1 This research was supported in part by the 
United States Air Force under contract AF 
33 (038)-22624, monitored by the Perceptual and 
Motor Skills Research Laboratory of the Air 
Training Command Human Resources Research 
Center. Permission is granted for reproduction, 
translation, publication, use, and disposal in 
whole or in part by or for the United States 
Government. 
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were interpreted exclusively in terms of 
the concept of anxiety as a drive, and 
anxiety reduction as reinforcement. 


A more recent study from a different labora- 
tory (1) reported a positive but nonsignificant 
correlation between essentially the same measure 
of “anxiety” and simple eyelid conditioning. 
The same study reported that Ss with “high 
anxiety” showed more stimulus generalization 
than did Ss with “low anxiety.” 

Somewhat different results have been found 
with more complicated material. Taylor and 
Spence (7) compared “high anxiety” and “low 
anxiety” with respect to performance on a kind of 
verbal maze. On this task, “low anxiety” was 
associated with rapid learning and fewer errors. 
This reversal was interpreted as being the result 
of the opportunity for interference allowed in the 
multiple-response situation. In other words, the 
authors postulated that the higher drive in the 
anxious Ss resulted in a decrement on this task 
because anxiety increases the strength of all 
responses, including competing ones. 

In support of these findings is a paper by 
Montague (4) which shows that anxiety results 
in inferior learning when the task is such that 
there is great opportunity for interfering 
responses, but also leads to superior performance 
when such interfering responses are minimized. 
An experiment by Lucas (3) further confirms 
this interpretation. 


The methods employed in the 
studies cited above seem applicable 
and useful in the study of the effects 
of psychological stress upon perform- 
ance. Particularly significant is the 
fact that anxiety as a personality vari- 
able has been successfully used as a 
predictor of performance. The pres- 
ent study was designed to explore the 
relationship between anxiety as a per- 
sonality variable and learning under 
various conditions of stress. 


PROCEDURE 


The Ss were selected from a large group of 
students in introductory and social psychology at 
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The Johns Hopkins University. The selections 
were based on a personality questionnaire con- 
sisting of 30 items which were culled from the 
Minnesota Multiphasic Personality Inventory 
by Winne (8). These items had been chosen on 
the basis of the fact that they differentiated sig- 
nificantly between a neurotic and normal popu- 
lation, and the test was consequently called a 
“neuroticism inventory.” Actually, this ques- 
tionnaire was found to correlate highly with the 
“anxiety” questionnaire used by Taylor. A 
large number of items were identical. 

The scores on the questionnaire varied from 
0 to 17 in a distribution that was slightly skewed 
toward the high end. Approximately the upper 
and lower quartiles of this distribution were 
selected as the high and low groups, respectively. 
The scores for the low group ranged from 0 to 2, 
and those for the high group from 8 to 17. 

The 90 Ss resulting from this division were 
divided into three experimental groups of 30 Ss 
each. In each experimental group there were 15 
Ss scoring high on the inventory and 15 scoring 
low. All groups learned 12 consonant nonsense 
syllables by the method of anticipation for 12 
trials. 

The experimental conditions were as follows: 

Control.—In this condition Ss were treated as 
they would be in a standard nonsense-syllable 
learning experiment, without threat or punish- 
ment of any kind. Each S was informed that he 
was a control for Ss in another experiment, and 
his cooperation was asked. 

Avoidance-learning group.—In this condition, 
Ss were allowed to read through the list once, as 
in the case of the controls. But thereafter, they 
were administered a strong electric shock to the 
leg (produced by an inductorium) on the occur- 
rence of incorrect responses or failures to respond. 
Thus, correct responses enabled them to avoid 
the electric shock. This fact was explained to 
each S beforehand. 

Nonavoidance-learning group.—In this condi- 
tion, the treatment of Ss was the same as in the 
previous condition except that the shocks were 
delivered irrespective of the correctness of S’s 
response. In other words, they were shocked as 
often when they were right as when they were 


TABLE 2 


ANALYsIS OF VARIANCE OF NUMBER OF 
Correct Responsest 











Source df =. F 
Within groups 84 | 200.41 
Conditions 2 | 260.01; 1.30 
Inventory 1 | 5397.55 | 26.90** 
Inventory X Conditions} 2 |1978.71| 9.87* 
Total 89 














* Significant at .01 level. 
** Significant at .001 level. 
t Bartlett's test for homogeneity of variance yielded 
* = genase of 8.05, significant at approximately the 
.2 level. 


wrong. Also, the frequency of the shocks was 
matched with the frequency for Ss in the avoid- 
ance-learning condition. The random nature of 
the shock was explained to Ss before the trials 
began. 


RESULTS 


Table 1 shows the mean total num- 
ber of correct responses in all three 
conditions for both high and low Ss. 
Inspection of this table shows the high 
groups to give consistently more cor- 
rect responses than the low groups. 
There is an interaction between the 
experimental conditions and the per- 
sonality inventory such that the larg- 
est difference between the high and 
low groups occurs in the avoidance- 
learning situation. 

Table 2 shows a statistical analysis 
of these data. The important thing 
to notice in this table is the highly 
significant difference between the 
learning scores of the high and low 
groups, and the highly significant in- 
teraction between the experimental 

















TABLE 1 
LearninG Scores (Correct Responses) ror Att Groups 
Control Avoidance Nonavoidance 
Group 
M SD M SD M SD 
Anxious 31.40 15.52 37.07 20.88 27.53 19.67 
Nonanxious 27.87 16.76 19.53 8.94 20.47 14.04 
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TRIALS 


Fic. 1. Learning curves for all groups and conditions 


conditions and the high and low 
groups. 

The details of the learning curves 
are shown in Fig. 1. It is apparent 
from these curves that the difference 
between the high and low groups 
occurs early in learning and is main- 
tained throughout the experiment. 
These curves also clearly show the 
nature of the interaction between con- 
ditions and the grouping based on the 
personality inventory. The differences 
between the high and low groups are 
strikingly large in the avoidance situ- 
ation, somewhat smaller in the non- 
avoidance situation, and very small, 
though consistent, for the control con- 
dition. An inspection of these curves 
reveals one other important fact. The 
difference between the high and low 


groups is largely accounted for by an 
apparent decrement in performance 
on the part of the low group. This 
can be seen by looking at the bottom 
two curves in Fig. 1. (Also see Table 
1.) 


Discussion 


The primary finding in the present 
study, in partial confirmation of 
Taylor’s original study, is that in 
avoidance learning there is a marked 
discrepancy in performance between 
“anxious” and “nonanxious” Ss. A 
major part of this difference cannot be 
accounted for in terms of anxiety as a 
drive (that is, in terms of improved 
performance of the “anxious” group), 
but rather must be interpreted in 
terms of a decrement in performance 
on the part of the “nonanxious” 
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TABLE 3 


INTERCORRELATIONS BETWEEN VARIOUS 
PERSONALITY MEASURES 











(N = 227) 
Variable igceing | Rachading 
Anxiety vs. Psychasthenia +.812 | +.396 
Anxiety vs. Hysteria +.122 | —.234 
Hysteria vs. Psychasthenia | +.120 | —.247 
Anxiety vs. Neuroticism +.686 | +.554 











* The first column refers to intercorrelations in which 
duplications of items are found among the various 
scales. Independence of the scales was accomplished 
by keeping the anxiety inventory intact and removing 
all other duplicated items from the hysteria, psychas- 
thenia, and neuroticism scales. 


group. In view of this latter finding, 
which could only be obtained when 
control conditions of performance 
were used, the concept of anxiety as a 
drive which Taylor brings to bear on 
her data must be partially rejected 
when applied to the present observa- 
tions. Thus this concept loses con- 
siderable generality. It might also be 
mentioned that the conditioning curve 
for Taylor’s (6) “nonanxious” group 
was very much more irregular than 
that found for the “anxious” group, 
an observation which is in keeping 
with the interpretation that the “low 
anxious” Ss suffered a decrement 
under stress. 

Further light can be thrown on this 
issue if we compare in detail the learn- 
ing curves for “high anxiety” and “low 
anxiety” groups in all of the three 
experimental conditions. Under the 
two conditions of shock (avoidance 
and nonavoidance), the “‘low anxiety” 
Ss fall below the comparable control 
groups in performance. For these two 
former conditions, the learning curves 
are almost identical (see Fig. 1). In 
the case of the “high anxiety” groups 
under the nonavoidance shock condi- 
tion, performance is very much like 
the comparable control curves. In 
other words, there is no demonstrable 
effect of the stress upon the “high- 


anxiety” Ss. However, in the avoid- 
ance shock condition, the “high anxi- 
ety” Ss show some facilitation, thus 
accounting entirely for the greater 
difference between groups under this 
condition. 

These findings suggest the following 
limited generalizations: In the first 
place, “nonanxious” Ss show a com- 
parable decrement in performance 
under avoidance and nonavoidance 
stress conditions. Secondly, “anxi- 
ous” Ss show some slight improvement 
in learning when the stress is such that 
that it can be avoided by means of 
performance. 

It becomes apparent that all these 
data cannot be accounted for by the 
simple notion of anxiety as a drive. 
A number of other interpretations of 
these and other findings are possible. 
The most reasonable one depends upon 
the meaning of the personality inven- 
tory. On this point we thought it 
necessary to obtain further data. 


After the above results were obtained, we 
retested most of the experimental and control Ss 
with the Taylor anxiety inventory. Moreover, 
227 Ss from the introductory and social psychol- 
ogy classes at The Johns Hopkins University 
were administered the anxiety inventory along 
with the psychasthenia and hysteria scales from 
the MMPI, as well as the neuroticism question- 
naire which had been used for the present experi- 
ment. The purpose of this latter testing was to 
obtain intercorrelations between the various 
personality tests in an effort to study the nature 
of the anxiety and neuroticism inventories. 

With regard to the retesting of Ss used in the 
stress experiment with the anxiety inventory, we 
found essentially the same results as with the 
neuroticism inventory. In other words, the 
results found in the present experiment are appli- 
cable not only to the neuroticism inventory, but 
to Taylor’s anxiety inventory as well. This 
latter result is reasonable in view of the correla- 
tion of +.686 between the neuroticism and anxi- 
ety inventories (see Table 3). 

The intercorrelations between the various 
other inventories suggest further interpretation 
of our experimental data. Since all of the inven- 
tories included overlapping items, the intercor- 
relations were obtained both when these over- 
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lapping items were present and when they were 
deleted from each one of the scales. The Taylor 
anxiety inventory was always retained intact and 
the overlapping items were removed from each of 
the other inventories, respectively. Table 3 
shows the results of this analysis. 

As indicated by the kinds of items found in the 
anxiety and psychasthenia scales, clinical judg- 
ment considers them essentially alike. When 
overlapping items are included, the relationship 
is +.812, but when these items are removed, the 
r sinks to +.396. On the other hand, anxiety 
and hysteria, and hysteria and psychasthenia, 
are largely unrelated, depending somewhat upon 
the removal of overlapping items. We could be 
dealing here, in our breakdown of “high” and 
“low anxiety” groups, with a dimension of person- 
ality similar to Janet’s hysteria-psychasthenia. 
Of course, this kind of analysis hardly exhausts 
the questions concerning the meaning of anxiety 
and the meaning of the other pencil-and- 
paper tests. At best it represents one possible 
beginning. 

It is important to point out that there are 
other possible interpretations of the relationships 
that have been found between anxiety and learn- 
ing and conditioning. It is hardly possible, at 
the present time, to choose definitively between 
these interpretations. However, the correlations 
we have obtained between anxiety scores and 
scores on the other personality tests suggest that 
any interpretation ought to be based upon an 
examination of the meaning of the inventories in 
terms of their intercorrelations. 

For example, clinically, the hysterical indi- 
vidual is thought to respond to stress with great 
disturbance, while the psychasthenic is thought 
to approach emotional situations coolly and intel- 
lectually. On the basis of this relationship, we 
might predict that in a stressful situation the 
emotionally labile hysteric might show impair- 
ment in performance, while there would be little 
significant change in performance for the psy- 
chasthenic. This interpretation could account 
for the relative decrement of the nonanxious 
population in the present experiment. It does 
not exhaust the possibilities of interpretations 
in terms of personality variables and their 
dimensions. 


In addition to the consideration of 
the meaning of the anxiety scores, it is 
important to consider the relationship 
between the present results and those 
found by Lucas (3) and Montague 
(4). In the latter cases, the effects 
of anxiety on performance were found 
to depend upon the nature of the 


learning task. The authors conclude 
that intraserial duplication or simi- 
larity led to poorer performance for 
“anxious” Ss. The lists in the pres- 
ent experiment consisted of consonant 
nonsense syllables of minimal simi- 
larity. The fact that different tasks 
and different populations,? seem to 
lead to different results means that 
task and population variables must 
be very thoroughly explored before the 
kinds of interpretations that have been 
offered can be considered generally 
applicable or of practical importance. 


SUMMARY 


This study was designed to explore 
the relationships between certain prob- 
lems of experimentally induced stress 
and personality factors. Ninety Ss 
were selected from a large population 
on the basis of extreme scores on a 
neuroticism inventory related to Tay- 
lor’s (6) anxiety inventory. These 
Ss practiced a list of 12 consonant non- 
sense syllables under three different 
conditions: (a) shock administered for 
incorrect responses; (b) shock given 
at random for both correct and incor- 
rect responses; (c) a control condition 
using no shock during learning. 

In the avoidance situation (shock 
for incorrect responses), there was a 
large difference in the learning curves 
between the high-scoring and low- 
scoring groups in the “neuroticism” 
and “anxiety” inventories. A smaller 
difference between these two groups 


* The present authors have obtained unpub- 
lished data indicating that with the identical 
design and task used in the present experiment, 
but with a population of lower intelligence level 
(and less homogeneous than the present college 
group in socioeconomic and educational status), 
high-anxious Ss perform more poorly than low- 
anxious Ss. This suggests that the “interfer- 
ence” interpretations (Lucas and Montague) of 
the reversals in performance of anxious and non- 
anxious Ss may be only one of a number of 
possible alternatives. 
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was found in the nonavoidance (ran- 
dom shock) condition. The control 
condition showed a very small though 
consistent difference between these 
conditions. 

The large difference in the avoid- 
ance situation is due both to a decre- 
ment in the “low anxiety” group and a 
facilitation in the “high anxiety” 
group. In the nonavoidance situa- 
tion, the difference is entirely due to a 
decrement in the “low anxiety” group. 

These findings suggest that Taylor’s 
interpretation of this kind of an effect 
in terms of an anxiety drive is too 
simple. An alternative hypothesis is 
suggested in terms of intercorrelations 
between the anxiety inventory and 
other pencil-and-paper tests. 
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NEGATIVE TRANSFER IN VERBAL LEARNING! 


LYMAN W. PORTER? AND CARL P. DUNCAN 


Northwestern University 


It has usually been assumed that 
the optimum condition for producing 
negative transfer is that where S must 
learn successively two responses to the 
same stimulus (2). Thus with paired- 
associate verbal lists this situation is, 
in paradigm, A-B, A-C, by which is 
symbolized two successively learned 
lists with identical stimuli but differ- 
ent responses. Negative transfer 
reported with this design has not been 
great; usually the only evidence of 
interference in learning the second list 
is fewer correct responses in the first 
few trials on A—C as compared to a 
control condition. 

Recently, Gagné, Baker, and Foster 
(1) have argued that with discrimina- 
tive motor tasks the optimum condi- 
tion for producing negative transfer is 
where the stimulus-response connec- 
tions of the first task are reversed on 
the second task. The stimuli and 
responses of both tasks are identical; 
the second task is constructed by pair- 
ing each response with a stimulus dif- 
ferent from the stimulus with which it 
was paired on the first task. We shall 
symbolize the two tasks in this case 
as A-B, A-Br, where the subscript 
indicates reversal, by re-pairing, of the 
S-R connections. Although Gagné 
et al. were concerned with discrimina- 
tive motor tasks, we shall assume that 
the same reasoning would apply to 
verbal lists, so we may speak of an 
A-B list and an A-—Bg list. 

It is the purpose of this paper to 
make a quantitative comparison of the 
amounts of negative transfer produced 


1 The advice of Dr. B. J. Underwood is grate- 
fully acknowledged. 
2 Now at Yale University. 
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by the A-B, A-C and A-B, A-Bg 
methods 


PROCEDURE 


Subjects.—The Ss were 40 Northwestern stud- 
ents all of whom had served in previous verbal- 
learning experiments. Practiced Ss were used 
to reduce, in part, practice effects in learning 
successive lists, which would tend to mask nega- 
tive transfer. Half of the group was assigned to 
the A-B, A-C condition (hereafter Group A-C), 
the other half to the A-B, A-Br condition 
(Group A-Br). 

Method.—The design of the experiment is 
shown in Table 1. Group A-C learned, as their 
List II, entirely new responses to the same 
stimuli used in List I. Group A-Br learned the 
same stimulus and response words on both lists, 
but in List II each response was paired with a 
stimulus different from the stimulus with which 
it had been paired on List I. 

All Ss used the same set of 12 two-syllable 
adjectives as the stimulus words of both lists. 
Two sets of two-syllable adjectives, 12 words in 
each set, were used as response words. With 
these three sets of words an A-B and a corre- 
sponding A-C list were constructed. Then the 
stimuli and responses of each of these lists were 
re-paired, resulting in an A—Bp list and an A-Cr 
list. Any one of these four lists may, of course, 
be used as List I, the first list learned, for either 
group. As shown in Table 1, each of the four 
lists was used equally often as List I in each 
group. The result is that each list was also used 
equally often as List II in each group. Thus 
any differences in difficulty of lists or differences 














TABLE 1 
DesIcn oF THE EXPERIMENT 

Group Ss List I List II 
5 A-B A-Br 

A-Br 5 A-C A-Cr 
5 A-Br A-B 
5 A-Cr A-C 
5 A-B A-Cr 

A-C 5 A-C A-Br 
5 A-Br A-C 
5 A-Cr A-B 
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TABLE 2 
PERFORMANCE ON Boru Lists 
Group A-BR Group A-C 
Measure 
and List 
M oM M oM 
List I 
Trials 13.95 1.33 13.65 1.09 
Errors 13.35 2.64 13.25 2.08 
List II 
Trials 17.85 1.57 12.80 1.77 
Errors 22.15 3.34 7.10 1.07 

















due to stimulus-response pairing are controlled, 
and direct comparisons can be made both be- 
tween groups of Ss and from list to list within a 
group. 

All lists were of low intralist similarity. "They 
were presented on a Hull-type memory drum at a 
2-sec. anticipation rate with 4 sec. between each 
trial. To prevent serial learning the pairs were 
presented in three different orders within a list. 

All Ss learned both lists to a criterion of one 
errorless trial. Two minutes elapsed between 
the learning of each list. Typical instructions 
for paired-associate learning were given before 
starting on List I. Before starting on List II 
all Ss were told: “Now we are going to learn 
another list, the first words of which will be the 
same as the first words of the previous list. The 
second words will be different.” 


RESULTS 


Table 2 shows measures of perform- 
ance on both List I and List II for the 
two groups. It can be seen that the 
means of the groups for both trials and 
errors on List I differ by only frac- 
tional amounts. We can conclude, 
without testing for significance of dif- 
ferences, that the groups were well 
matched on List I. 

Since we shall make comparisons 
between List I and List II within a 
single group, we need to know if there 
is any correlation between perform- 
ance on the two lists. In Group A-Br 
the correlation between the lists for 
trials was .44, for errors, .64. In 
Group A-C the correlation for trials 
was .67, for errors, .43. For 18 df 


the value of r needed for significance 
at the 5% level is .44; thus all the 
correlations reach or sufficiently ap- 
proach significance. 

Evidence for negative transfer can 
be gleaned from Table 2 by comparing 
performance on the two lists within a 
group. It is clear that there is no 
negative transfer in Group A—C; there 
is a decrease in both mean trials and 
mean errors from List I to List II. 
Since we are not concerned with posi- 
tive transfer, we shall not test these 
decreases for significance. 

In contrast, Group A—Bg shows pre- 
sumptive evidence for negative trans- 
fer by an increase in both trials and 
errors on List II as compared with 
List I. Thetfor related measures was 
used to test these increases for signifi- 
cance. Since we are concerned only 
with differences in one direction; i.e., 
negative transfer, we shall consider all 
t’s as one-tailed tests. Comparison of 
the means for trials yielded t = 2.53, 
p = .02. Comparison of the error 
means yielded t = 3.37, p<.01. Thus 
the reversal group showed significant 
negative transfer by both measures. 

Figure 1 shows learning of both lists 
for both groups by plotting successive 
criteria of correct responses as a func- 
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tion of mean trials to reach the suc- 
cessive criteria. The figure clearly 
indicates positive transfer to List II 
in Group A-C, and negative transfer 
in Group A—Bg. 

Another index of transfer is the num- 
ber of intrusions. As used here an 
intrusion is an error that consists of 
the response that was associated with 
a stimulus in List I being made to that 
stimulus during learning of List II. 
If that response was made (incor- 
rectly) to any other stimulus in List II, 
it was called an error, but not an 
intrusion. During learning of List II, 
Group A-Bpg made a total of 212 in- 
trusions; Group A-C made 11. It is 
clear that the reversal group had great 
difficulty with intrusions of old re- 
sponses. 

Because of the large number of in- 
truding responses made by the reversal 
group, their dat a were subjected to an 
item analysis to determine the relation 
between number of reinforcements 
(correct. anticipations) on List I, and 
number and locus of intrusions on List 
II. The method was as follows. The 
total number of items was 240 (12 
X 20 Ss). These were divided into 
four reinforcement categories with the 
number of items in each category 
as nearly equal as possible. These 
categories were: 54 items with 1-4 
reinforcements, 68 items with 5-7 
reinforcements, 60 items with 8-11 re- 
inforcements, and 58 items with 12-28 
reinforcements. Then those items in 
each reinforcement category that ap- 
peared as intrusions in List II were 
recorded. Further, by dividing, as 
closely as possible, each S’s trials to 
learn List II into thirds, the locus of 
each intrusion was noted; i.e., whether 
it occurred in the first, second, or last 
third of the trials to learn the second 
list. For example, Table 3, which pre- 
sents the item analysis, shows there 
were 18 intrusions in the first third of 


TABLE 3 


INTRUSIONS AND INTRUSIONS PER ITEM IN 
List II sy Group A-Br 








Reinforcements on List I 
Position 
in List II 





1-4 | 5-7 | 8-11 | 12-28] Total 


: : 18} 25} 26} 19) 8&8 
First third 33 | .37| .43| .33] .37 


16} 17 25} 25 83 
Second third | 99] 95] 42] 43] .35 











, 7 6 14; 14] 41 
Last third 13 | 09 | .23| .24] .17 





41| 48| 65| 58| 212 
Total 76 | .71 | 1.08 | 1.00} .88 




















trials on List II of those items that had 
received 1-4 reinforcements on List I. 

Since the number of items in each 
reinforcement category is not equal, 
Table 3 shows both the number of 
intrusions and, immediately below, 
the intrusions per item. These intru- 
sion-per-item ratios reveal that, in 
general, the more frequently reinforced 
items appear more often as intrusions. 
As to locus, intrusions are made more 
frequently early in learning the sec- 
ond list, becoming less as practice 
continues. 


Discussion 


Since we have no data bearing on 
the question of why there is such clear- 
cut negative transfer in learning the 
re-paired list, we shall merely offer a 
suggestion. It may be noted that 
both the stimuli and responses of the 
reversed list have acquired, during 
learning of the first list, associations 
which may be sources of interference. 
During practice on the re-paired list 
not only do the stimuli tend to pro- 
duce incorrect responses but it may 
also happen that the responses tend 
to make S think of the old, and now 
incorrect, stimuli. If so, then both 
members of each pair of words in the 
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re-paired list, all 24 words, are poten- 
tial sources of interference. This con- 
trasts with the A-B, A-C situation 
where the C responses do not bear 
interfering associations, at least none 
recently and deliberately acquired. 

We should also like to suggest that 
greater unlearning of an A-B list may 
be produced by subsequent learning of 
A-Br than A-C. If so, investigators 
of retroactive and proactive inhibition 
may find the re-pairing of stimuli and 
responses to form a second list a useful 
technique for studying unlearning and 
response competition. 


SUMMARY 


Twenty Ss in each of two groups 
learned two 12-item paired-associate 
adjective lists to one errorless trial. 
For one group (A-C) the lists had iden- 
tical stimuli but different responses. 
For the other group (A—Bg) the stim- 
uli and responses of the first list were 
re-paired to provide the second list. 
Examination of learning of the second 


list for evidence of negative transfer 
gave the following results: 


1. There was no indication of nega- 
tive transfer in the group that learned 
the A-B, A-C lists. The second list 
was learned in less trials and fewer 
errors than the first list. 

2. The group that learned A-B, 
A-Br showed negative transfer. Both 
trials and errors were significantly 
greater on the re-paired list than on 
the first list. In addition, this group 
made a far greater number of intru- 
sions during learning of the second list 
than the A-C group. 
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